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Britain and Space 


In its annual report, the Advisory Council on Scientific Policy (a standing com- 
mittee charged with advising the Lord Privy Seal and Minister for Science) has 
stated that a large national programme of space exploration at the expense of other 
commitments would be “the grossest folly.” 

This provocative statement is not in the same class as the celebrated remark 
“utter bilge.” Indeed, it is quite possible for us to support the above statement as 
it stands—we emphasized in a recent editorial that only a limited programme could 
be expected. Where we part company from the Council is in our interpretation of 
the word Jarge. 

The Advisory Council would appear to apply it to any programme involving the 
construction of a British launching vehicle. The construction of instruments for 
transport in American rockets is approved, and presumably this approval would 
also be extended to Russian, and eventually to French, vehicles if these were also 
placed at our disposal. The Report states that: 

“Because the cost of venturing into space with lunar, planetary or solar probes would be too 
great for our resources, and because we do not think that the scientific and technological return to be 
expected is likely to be commensurate with that cost, we have not recommended any British partici- 
pation in these activities at the present time, nor in the attempt to launch human beings into space. 
Although much scientific effort is being expended by the United States and the U.S.S.R. on satellite 
work, and valuable results have already been obtained, we are convinced that there is plenty of work 
still to be done which will provide material for a useful programme for our scientists for many years 
to come.” 


It is recognized that the programme at present authorized would not in itself have 
a significant impact on British industry, apart from some stimulus to developments 
in micro-instrumentation, but it is also claimed that the technological advantages 
likely to accrue from a civil rocket programme would be insufficient to justify the 
expenditure involved. 

After twenty-six years’ pioneering work in the field of astronautics, the Society 
can hardly be expected to agree with these opinions, although we are one with the 
Advisory Council in welcoming the cooperative agreement with the United States, 
and we support the recommendation that there should be a cooperative effort by all 
nations. We agree that there is plenty of work still to be done with satellites—but 
that should not deter us from investigations further afield. The incompleteness 
of our knowledge concerning the amoeba does not bar zoologists from studying 
the whale. It is obvious that great as may be the work to be done in “‘neighbour- 
hood” space, there is much more scope in the other regions of the solar system. If 
it is at all possible—and we believe that it is—British scientists should be able to 
participate in this work also. 


157 








158 Britain and Space 


This wider participation could come about by an extension of the present space 
research programme, if British instruments were to be sent aloft in other countries’ 
planetary probes, although no such suggestion has yet been made. We should 
welcome this development also, but would still regard it as insufficient. In our 
opinion, it is essential that British launching vehicles should be developed. This 
should be done as part of a reasoned, long-term plan involving a series of astro- 
nautical projects of progressively greater endeavour. 

The first projects to be tackled would be a logical development out of the present 
Blue Streak and Black Knight military programmes, and would involve adaption of 
these to give satellite launching vehicles. Some of the possibilities were reviewed 
by Mr. G. K. C. Pardoe at the Commonwealth Spaceflight Symposium, and it was 
heartening to learn from a recent speech by Mr. Duncan Sandys, Minister of Avia- 
tion, that these proposals are still under consideration by the Government. 

The Advisory Council—not directly concerned with either the Ministry of Avia- 
tion or the Ministry of Supply which preceded it—mentioned this but advised 
against these possibilities because they considered that five years would be needed 
to put them into effect and that the whole project would be a very costly under- 
taking. It is to be hoped that the Government will not pay much attention to these 
opinions, for after all the Council is supposed to advise on scientific policy (and is 
therefore mainly composed of University scientists) whereas this is an engineering 
matter. Engineering advisers would probably come to quite different conclusions 
and would be able to draw attention to the setbacks which all branches of British 
industry would experience should we decide to go into space purely as passengers 
rather than as designers and constructors. For that is in effect the Advisory 
Council’s recommendation, even if for some time to come instruments will be the 
only passengers. 

It is true that an engineering approach would be very costly in comparison with 
the present expenditure on space research—between £100,000 and £200,000 per 
annum*. An expenditure of at least £20 million per annum would be required 
initially. But although this seems a large sum, it represents only about twopence 
per week per head of the population—tless still if some contribution was made by 
other Commonwealth countries. Compared with expenditure upon gambling or 
detergent advertising, it does not seem a sum which would bankrupt the country. 

£20 million would even be sufficient to cover the preliminary work on manned 
spaceflight, and in particular the development of a manned re-entry vehicle, which 
must surely be as important from a defence point of view as it is to success in 
spaceflight. As far as this Society is concerned, manned flight must always remain 
our ultimate objective; we can in no way agree with those scientists who advocate 
(sometimes as passionately as if they were proclaiming a new religion) that it is 
unnecessary and that the investigations can all be carried out with instruments. 
There is an important place for the unmanned probe rocket or satellite, but eventu- 
ally manned exploration is required. Surely it is unthinkable that Britons will not 
participate in this new exploration, or are the New Elizabethans much inferior to 
the Old? Drake, Raleigh, Hudson, Cook, Park, Franklin, Eyre, Burke and Wills, 
Burton, Baker, Speke, Grant, Darwin, Livingstone, Stanley, Shackleton, and Scott 
—do these names mean nothing any more? Are Hunt and Hilary to be the last of 


the line? 
G. V. E. THOMPSON. 


* Compare the £128,000 given so} readily by the Chancellor of the Exchequer for the purchase of a Rembrandt, 
our annual defence expenditure of £1,500 million, and the £43 million subsidy for egg production. 
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RADIO COMMUNICATION WITH A SPACE PROBE* 


By W. T. BLACKBAND,t+ M.Sc., A.M.LE.E. 
(Communication from the Royal Aircraft Establishment) 


ABSTRACT 


The various sources of noise with which a radio signal from a space probe must compete are discussed and evaluated. 
The power requirements for transmitting television pictures from the Moon or Mars are calculated for several possible 


systems. 


WHETHER or not a distant radio signal can be received 
depends ultimately upon our ability to distinguish it 
from a background of radio noise. If the signal is 
merely faint, then it can be amplified, but if it is sub- 
merged in radio noise, then amplification cannot help as 
this would increase the background noise just as much 
as the faint signal, and what was lost before would 
remain hidden. Because of the fundamental importance 
of this background noise our study of communication 
with a space probe must start with a consideration of 
this noise in order that we may know its origins, learn 
how to minimize it and to assess its effects in any special 
case. 

Fig. 1 shows a terrestrial aerial feeding a receiver 
system in which the first radio frequency stage and 
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Fic. 1. Sources of radio noise against which a signal from a 


probe must compete 


recorder have been shown for diagrammatic convenience 
as separate from the main receiver. Above the aerial 
are the atmosphere and ionosphere, in the distance a 
radio satellite and beyond this, space with its sources of 
“galactic” noise. Various sources of noise are shown, 
each contributing to the background noise of the receiver; 
the dotted line represents the wanted signal which must 
be sorted out from the noise. Considering these sources 
of noise in turn, we begin with “galactic” noise. This 
rather vague term is used to describe that radio energy 
which reaches the Earth from space and of which we 
cannot identify the source. If we search the sky with 
a radio telescope, large radio signals will be received 


* Manuscript received 20 April, 1959. 
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from the direction of the Sun, and from certain 
discrete sources known as “radio stars,’ but there is a 
general background of galactic noise which is rather 
unevenly distributed across the sky. This distribution 
of noise is different for different radio frequencies, and 
a survey of this has been published by H.C.Ko.' Fig. 2, 





Fic. 2. Distribution of radio brightness temperature over the 
sky at 100 Mc./sec. Galactic coordinates; observations corrected 
for aerial smoothing; unit 1000° K. 


shows the variation of noise with galactic co-ordinates 
for a frequency of 100 Mc./sec., as measured by Bolton 
and Westfold.? It will be seen that, looking towards 
the centre of our galaxy, the noise reaches a maximum, 
but that there are large regions where the noise is 
relatively small. It is evident that whether the space 
probe or satellite is viewed against the noisy or the quiet 
galactic background will have a great effect upon the 
range to which it can be observed. We will return to 
this matter later on. 

The atmospheric noise arises chiefly as a result of 
lightning discharges. This noise decreases with increase 
in frequency, partly because of the waveform of the 
discharge and also because while at low frequencies the 
discharge noise passes around the Earth, being trapped 
between ground and ionosphere, at frequencies above 
the ionospheric cutoff frequency the disturbance tends 
to pass out through the ionosphere, and atmospherics 
tend to be limited in range. If we work at the higher 
frequencies we can for these purposes ignore atmospheric 
noise, except during a local thunderstorm. 

Man-made noise in an industrial region can be more 
important than any of the other types, but this can be 


+ Principal Scientific Officer, Royal Aircraft Establishment, 
Farnborough, Hants. 
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evaded by siting the receiving station in a sparsely 
inhabited region well away from sparking commutators 
and car ignition systems. 

The aerial and transmission line noise is relatively 
small and can be ignored in triode receivers but could 
be of importance in maser receivers in which the internal 
noise level is comparatively low. This noise arises as a 
resistance noise in the conductors of the aerial system. 

In triode receivers the first-stage noise is in practice of 
great importance, and this and the galactic noise largely 
determine the choice of operating frequency. In a well 
designed system the noise contributions from other 
stages in the receiver are negligibly small, or at least are 
considerably smaller than that in the first stage. 

It is usual to define the first-stage noise in terms of its 
equivalent noise temperature 7,. This is the temperature 
at which a resistance R equal to the first-stage input 
resistance would develop a thermal noise equal to that 
of the first stage. This noise is given in terms of the 
noise voltage V,, : 


Vi=4kT.Rdf .. .. (I) 


where k = Boltzman’s constant 
= 1-37 x 10-3 W.sec./ °C. 


and df= the frequency bandwidth under considera- 
tion measured in cycles/second. 


Of the usual types of first stage, those using triodes 
have lower 7,, than those using crystals. Although first 
stages using paramagnetic amplifiers or masers have 
potential performances several orders better than triodes 
at the highest frequencies, this discussion will be based 
almost entirely on triodes because they represent present- 
day systems. 

Now we can consider which is the optimum frequency 
for a radio system receiving signals from space. First 
of all we are limited in our choice to frequencies in the 
range 50-20,000 Mc./sec. for which the atmospheric 
window is clear. For frequencies below about 50 Mc./sec. 
there can be ionospheric absorption and reflection, and 
atmospheric absorption is important above about 
20,000 Mc./sec. 

Fig. 3 shows the variation of galactic and triode noise 
expressed as noise temperatures with frequency over the 
band 10-2000 Mc./sec. Two curves are drawn for 
galactic noise, representing the quiet and noisy regions. 
It will be seen that this noise decreases rapidly with 
increase in frequency. At the higher frequencies this 
has proved too small to measure except in the more 
noisy regions of the galaxy. On the other hand, triode 

_ noise increases rapidly with frequency and is the dominant 
noise in the u.h.f. and microwave bands. The dotted 
curves shown in Fig. 3 are the sum of the two sources of 
noise for quiet and noisy regions. From these it is 
seen that there is a broad minimum in the quiet directions 
at about 200 Mc./sec., while the corresponding minimum 
for noisy directions is about 300 Mc./sec. If we are 
aiming at a distance record with the communications 
with our space probe, we would choose to launch into 
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Fic. 3. Frequency dependence of noise sources 


a quiet direction. In this connection it is interesting to 
note that a frequency of 188 Mc./sec. was chosen for 
the first Russian lunar probe telemetry system. This 
choice of frequency is in agreement with the curve of 
Fig. 3. 

If we chose a frequency of 200 Mc./sec., the total 
noise temperature of triode and galactic background 
would be about 800° K. With this choice of frequency 
the noise temperature in a noisy direction would be 
about 1600°K. Hence, taking into account triode 
noise, the effective difference in noise power level at 
200 Mc./sec. between noisy and quiet galactic back- 
grounds is 2:1, and the corresponding maximum ranges 
at which a given transmitter could be seen against these 
backgrounds would be in the ratio of | : 4/2. 

If masers fulfil their present promise, and assuming 
that the measured galactic noise as shown in Fig. 3 can 
be extrapolated to the higher frequencies, then future 
systems having noise temperatures of between 20 and 
50° K. could be expected. The use of such a receiver 
in place of a triode at 200 Mc./sec. could extend the 
range of communication by a factor of about five times 
for a given transmitter system in a probe. 

We can now consider the likely performance of a 
system. 

To start with, consider communication with a lunar 
probe at a range of 400,000 km. radiating 10 W. at 
200 Mc./sec. seen against a quiet galactic background. 
The probe will first of all be assumed to radiate its 
energy equally in all directions. Its signal strength at 
the ground will be: 


Ps 10 
4nr? 4n # x 10% 
where P is the output power in watts and r the trans- 
mission distance in metres. 


= 5:0 x 10-8 W./m2 
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At the receiving site we could have a parabolic aerial 
of say 20 m. diameter. This would be about as large as 
could be handled conveniently. Assuming 60% utiliza- 
tion of the collecting area, the effective collecting area of 
this would be 188 m.*, and consequently it would pass 
to the receiver a signal power: 

P,= 5-0 x 107 x 188 = 9-4 x 10° W. 
which fed into a 50-ohm. input would develop a voltage 
V, a P, Rin 
= 94 x 50 x 107 
= 0-216 x 10°*V. 

We now have to consider with what level of noise this 
incoming voltage has to compete. We go back to 
Equation (1) and insert a value of 800° K. for 7,,, and 
assume a bandwidth of 10 c./sec. for df. In this case we 
have 

Vi = 4 1.37 x 10-% x 800 x 50 x 10 

V, = 468 x 10-°V. 
Thus we could expect our signal/noise voltage ratio to be 
46:1. 

Now what does this performance mean to a user? 

The signal/noise ratio of 46: 1 means that the accuracy 
of any amplitude measurement would be about 2%. 

The assumed bandwidth of 10c./sec. means that no 
frequency component of frequency greater than 10 c./sec. 
could be transmitted, or in general terms the time taken 
to transmit any piece of information would be + sec. 

This can be expressed in another way: it would take 
34 hr. to transmit one frame of a television picture of the 
British standard through a channel of 10c./sec. band- 
width instead of the + sec. taken in broadcast television 
practice. 

While such a low rate of energy transfer would not be 
of much use in the telemetry from a launching rocket or 
satellite, it would be of considerable use in a space 
probe system because any mile of the path through 
empty space would be very much the same as the last, 
and there would be no rapid changes to report back. 

If we now consider a probe passing the Moon at 
400,000 km. and going on to Mars at, say 80,000,000 km., 
what could we expect from the telemetry system? First 
of all, because the distance is now 200 times further than 
that of the Moon the voltage into the set would be only 
one two-hundredth of that transmitted from near the 
Moon and this would be much lower than the back- 
ground noise which we calculated to be 0-216 x 10-* V. 
In order to make good some of this loss of signal, we 
could increase the size of the terrestrial aerial to 80 m. 
diameter, which is the diameter of that at Jodrell Bank, 
and probably as large as could be built without excep- 
tional difficulty. This increase in diameter from 20 to 
80 m. would increase the collecting area by a factor of 
sixteen and the input voltage by a factor of four. This 
is only a small contribution towards balancing a loss of 
200. There is clearly little to be gained by making still 
bigger receiving aerials. 


One great defect of the lunar system described was that 
it radiated equally in all directions. If its energy could 
be beamed towards the Earth a better performance could 
be expected. If the energy is beamed, then the beam 
must be pointed in the correct direction. Assuming 
that this could be done so that the radiation axis of the 
satellite pointed towards the Earth within +7-6°, then 
an aerial power gain of twenty-five could be used. Such 
an aerial gain could be obtained from an area of about 
10 m.* at 200 Mc./sec. or by the use of a 30-ft. long 
millepede array. 

With these aerial changes the signal/noise ratio would 
be 4-6:1. In order to improve on this we could increase 
the transmitter power, but to equal our lunar signal/noise 
ratio of 46: 1 we would have to transmit about 1-5 kw.— 
which would be a heavy drain on the power resources of 
the probes which we can see in the near future. Allter- 
natively, we could integrate our signals over a longer 
period so as to reduce the effective bandwidth to 
i; ¢./sec.—this would slow our television frame by a 
factor of 150, i.e., one frame in three weeks’ continuous 
transmission. 









































TABLE I 
Probe to Moon Probe to Mars 
Distance, km. 400,000 80,000,000 
Probe Antenna Isotropic Power Gain of 25 (i.¢., 17 db.) 
Receiving 20m. diam. 80m. diam. dish — yee to Jodrell 
Antenna is! Bank) 
Frequency, 200 200 200 
Mc./sec. 
Power, W. 10 10 1500 
Bandwidth, 10 10 “Ys 10 
c./sec. 
Signal/ Noise 46 46 46 46 
Voltage Ratio 








Looking at this we can only conclude that if we want 
television pictures of Mars we will probably do best with 
a probe which approaches Mars, records its picture on 
tape and then returns to the region of the Earth in order 
to transmit the picture. This may need some careful 
trajectory control—but something even better would be 
required before a manned flight could be contemplated. 

To look further still—what is the chance of radio 
communication from the nearest star? Taking this as 
2 x 10" miles away, that is of the order of half-a-million 
times further than Mars, we conclude that we would 
need an increase in power of 2:5 x 10" times. I will 
not comment on our chances of achieving this, but only 
marvel at the enormous power transmitted from those 
radio stars which are detectable at 10* times further even 
than the nearest star. 
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ON THE MOTION OF A PARTICLE ABOUT AN OBLATE SPHEROID* 


By D. G. EWARTt, B.Sc., Ph.D., F.R.A.S. 


ABSTRACT 


__ The motion of a particle about an oblate spheriod in vacuo under the influence of gravitational forces alone is con- 
sidered, and two methods of solution are presented. The first is obtained by direct attack on the differential equations 


of motion and is akin to solutions presented by King-Hele’, and by Roberson’. 
Although presented as a first order theory, it could be extended to higher 


and yields solutions in a very simple manner. 


orders of the constants of the Earth’s potential if necessary. 


I. INTRODUCTION 


IN recent years there have been published a number of 
papers in which the motion of a particle about an oblate 
spheroid, in vacuo, under the influence of gravitational 
forces alone, has been discussed. 

As an exercise in Celestial Mechanics the subject is 
of considerable theoretical interest and, as a result of 
recent successes in placing instrumented rockets in 
satellite orbits about the Earth, the subject is now of 
practical interest. To a high degree of approximation 
the Earth may be regarded as an oblate spheroid, the 
minor axis of which is coincident with the axis of rotation 
of the Earth. Consequently, on neglecting atmospheric 
forces, the motion of a particle in orbit about the Earth 
is not an ellipse. The perturbations from elliptic motion 
are a measure of the oblateness of the Earth and thus, 
in principle, may be used to determine the shape and 
size of the Earth. 

In this paper two solutions are presented. The first 
solution is obtained by direct attack on the differential 
equations of motion. The second solution is much 
simpler in form, but is derived on a more sophisticated 
basis. 


Il. ASSUMPTIONS 


For the ensuing developments the following assump- 
tions are introduced: 


(i) That the mean sea level surface of the Earth is 
of the form of an oblate spheroid and that it is 
an equipotential surface of gravitation and of 
of rotation, i.e., it is defined by the combined 
effects of the gravitational attraction of the 
matter within the surface and of the “centrifugal 
forces” of Earth rotation. 


That the axis of rotation of the Earth coincides 
with the minor axis of the spheroid, that its 
direction is fixed in space and that the rotation 
of the Earth is uniform. 


(ii) 


(iii) That the motion is entirely in vacuo. 


* Manuscript received 26 November, 1958, and in revised 
form 5 September, 1959. 
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The second is by variation of elements 


Given these assumptions the external gravitational 
potential of the Earth, in inertial space, is then taken 
to be of the form: 


3 
y -5{? - 4(3) (3 sin? @ — 1) + 
r r 


5 
a K(?) (35 sint @ — 30 sin? @ + 3} .- 


where: yu - GM, G being the universal constant of 
gravitation and M the mass of the 
Earth, 
C) = equatorial radius of the Earth, 
r = geocentric distance, 
0 = geocentric latitude, 
J, K = constants of the Earth. 


The higher order polynomials are assumed to be neg- 
ligible and, in practice, the terms in K are so small that 
they are also neglected. 


Ill. THE EQUATIONS OF MOTION FOR 


THE DIRECT SOLUTION 


For the “direct”’ solution the equations of motion are 
solved in a set of cylindrical co-ordinates, defined as 
follows. 

Let the position and velocity of the particle be defined 
at time zero by the geocentric distance, Ry, the geocentric 
latitude, 0), the speed, Vo, the elevation of the velocity 
vector to the plane normal to the geocentric radius, %», 
and the azimuth of the velocity vector in that plane, 
measured east of north, Bp. 

If the Earth were a sphere, then the particle would 
move in an ellipse in the plane containing the centre of 
the Earth and the velocity vector att = 0. We therefore 
adopt the plane of the undisturbed ellipse as the plane 
of reference of a set of cylindrical co-ordinates and 
define, in this plane, the radius R and a range angle, p, 
measured in the direction of motion and with p = 0 
when the particle is at its maximum geocentric latitude, 
@,,, in the undisturbed ellipse. The third co-ordinate, z, 
is defined normal to this plane, with origin at the centre 
of the Earth and completing a right-handed set of axes. 





tde Havilland Propellers Ltd., Conquest House, 37 John 
Street, London, W.C.1. 
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Then, at time ¢ the geocentric distance, r, of the 
particle is given by: 
ri= RP+ 2° .. a og 
Relative to geocentric axes defined at p = 0 and at 
p = 90° in the reference plane and the z axis a general 
point has direction cosines (cos p, sin p, z/R), whilst 
the North Pole has direction cosines (sin 8,,,, 0, cos @,,). 
Hence the geocentric latitude of the particle is given at 
any point by: 
sin 0 = sin @,, . cos p + (z/R) . cos 8,, 
Then, from (1), (2) and (3), to the first order in J 
—neglecting the terms in K—the external gravitational 
potential of the Earth is given in the adopted co-ordinate 
system by: 


im 8 
¥ tl em 
3 
x {« sin? 6, cos? p — 1) + 


~ (R? +22) 32 
- -\2 
as i a wd 2 os 
3 sin 26,, . () cos p + 3 cos? @,, ) }] 
(4) 


In this co-ordinate system the kinetic energy per unit 
mass is given by: 


T=}{R2+ (RP +2} ..  .. | 


and writing L = T + ¥ for the Lagrangian of the system, 
then the equations of motion take the form: 


d{éL ciee |: 
iA 54, 7 39 Ga 1.2.35) .. .. (6) 


where g; = R, p, z respectively. We then obtain: 
. 63 
. (R) = Rp? + &{ — . + ae (3 sin? 6,,, cos? p — v} 


dt 8 R 
(7) 
d , p J® i ‘ 
: ae aon C. 2 
dt (R*p) 5 RB: 6 sin? 6,, . COS p . Sin p .. (8) 
qd. az pd 
di (z)= — RR: sin 26,, . COS p . 


IV. THE SOLUTION OF THE EQUATIONS 
OF MOTION 


Whilst given in terms of time as independent variable, 


the equations are not in the most suitable form for 
solution. Let a new variable, h, be defined by: 


h= R*p .. (10) 
The new variable, h, corresponds to twice the rate of 
description of area by the particle. In the case of motion 


over a sphere it becomes the normal constant of areas. 
In addition, a further new variable, u, is introduced by: 


u=1/R .. AD 
Substituting from (10) and (11) into (8) we now have: 


; (h?) = 6uJ8 sin? 6,, . u . sin 2p .. (12) 

Now, if J were zero then the solutions of the equations 
of motion would be z = 0, h = ho, where h, is a constant, 
and 


s=%= Pat — @, cos (p — xa) .. (13) 


wherein e, and x» are constants. 

Regarding the actual motion of the particle as a 
perturbed ellipse we now assume that the solutions 
of (7) and (8) may be written as: 


h = hy > H 
u=ut+Usj" 
where H and U, as well as z, arise from the terms in 


J, and are of the first order of small quantities at least. 
Then expanding (12) to the first order in J: 


dH 3p? J® sin? 6,, | 
Sa he 77 2. {1 — €9 COS (py — xd} 
.. (15) 


Defining p = py at t = 0, then the boundary conditions 
upon (15) are that H=0O at p=pp,. Hence, inte- 
grating: 

q* JB? sin? 6, 


.. (14) 





H { 30s 2p - 3) COS (p + Xo) — 


p 


— €, cos (3p — xd} .. (16) 


Po 

Considering next the equation for the motion normal 
to the plane of the undisturbed orbit, we obtain after 
making the substitutions (10) and (11), and expanding 
to the first order in J: 

diz | 2 duy dz wz _ 3 JO*sin2y oo. 
dp? udp dp h,* ws h* 
.. (17) 


To solve this equation a further substitution is necessary. 
Introduce : 








z= Alu .. (18) 
Then, on noting that in the undisturbed ellipse, 
eae 
we can reduce (17) to the simple form: 
dr i as 3p? Jd? sin 28,,, 
dp* - h,* 


x £08 p{ — &) cos (p — x} .. (19) 


subject to the boundary conditions A= A’ =0 at 
Pp = py The solution of this equation is then of the 
form: 
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2 JS2 i 
j= — 7H Js sin 20m 


ho! 
pP - 
x feos ! — e, cos (¢ — x} x sin (p — d)dd 
Po .. (20) 
which integrates unto: 
y — — 3H Je sin 28m fo COS Xo _ (Pp — Po) SiN p _ 
me h,* 2 2 
— }cos p — as O° X9 cos (9 — py) + 
cos (p — 2 e 
ames ote + ; cos (p + po — Xo) — 
e 
-= © cos (p + xo — 3p») — 6 08 (2p — xa} 


(21) 


Taking, finally, the radius vector equation, the trans- 


formations (10) and (11) yield: 
au dh du 
acetal oe ae + 25,3 
h?u? dp? + hu dp’ dp * hu 
= pu? — 3yJ8*u' (3 sin? 6,, cos? p — 1) . .(22) 
Expanding to the first order in J we obtain: 
@U | 3pJ8 >, - 
dp + U= — "a u,? (3 sin? 8, cos? p — 1) — 
98 4 i mea 
Wi" iee °"* 
' se dU 
subject to the boundary conditions U = dp =0 at 
To solve this equation we must first substitute 


The method of 


P = Po 
for H and for from (15) and (16). 


solution is then that used for (19). The process of 
integration is tedious and involved, the final expression 
containing twenty-one principal terms. The solution 
may e written, symbolically, as: 


U=A-+ B.(p — po). sin (p — Xo) + 
4 > Cas cos (np + jxo + kpo) .. (24) 


where A, Band the C,,,’s are constants and the ranges 
of n, j and k, respectively, are 1 to 4, —2 to +2, and 
—5 to +3, only integral values being assumed. 

Equations (15), (22) and (24) represent the solutions 
of the equations of motion and give the position of 
the particle for any given value of p in the plane of the 
undisturbed orbit. The velocity components are then 
obtained from: 


Rp = u (hy + H) 


as _. (25) 


To complete the solutions it remains to determine the 
time at which the particle is at the given position. To 


calculate the time of flight we first introduce the true 
anomaly of the particle, f, in place of the position 
angle p used to date, by the transformation: 


S=p—X-:: .. (26) 
Now, from (10) and shes and (26), we eT 
tay 
So 


where fy) = po — Xo- It is then possible to express the 
time of flight in the form: 
3 


Y oh 
Dhow b,K,} 


n=1 


t = (t)) — 


~~ Sf Addi > % B,K,, 7 cf .. (28) 
— 
n=] 
where (f), is the time of flight in the undisturbed orbit 
to the same value of f, a,, b,, An, B, and c being 
constants defined in terms of the undisturbed elements 
and the constant J. The functions J, K,,, J;, K; and 7 
are integrals defined as follows: 


7 
In + a ey 29 
n . (al — COS fy“ es os ( ) 
to 
f 
K sin nf df 30 
W Gaecosfe%: «30 
fo 
tf , 
cos n 
: ® la ie e.cosfp' ” i. ex (31) 
fo 
ay ‘ 
, a. £ en 
kK. = la — aenlh' .. .. (32) 
t 
<p fo) . sin f 
J (I — e,cos fi’ df .. — .. (33) 


fo 
The integrals may all be integrated analytically in terms 
of the true anomaly f and the eccentric anomaly, E, which 
latter angle is defined in terms of f by: 


tan (E/2) = Ri ts tan (f]2) .. (34) 


The derivation of the vg solution completes 
the discussion of the “direct” solution, to the first order 
in J. The theory could be extended to higher orders 
and could also include the simpler terms in K, but this 
would introduce considerable complexity into the 
solutions. 
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The solution by the “direct” method presented above 
is akin to the solutions presented by King-Hele,’ and 
by Roberson. The main differences are that neither 
of the solutions referred unto include the equations for 
time of flight in a closed form. King-Hele, in his solu- 
tion, restricts the eccentricity to values less than 0-05, 
a restriction not introduced in the present solution. 
Roberson, in his solutions, introduces the advance of 
perigee into his equations in such a manner as to dispose 
of the secular terms in the solutions for U and z. The 
presence of these secular terms, directly proportional 
to (p — pp») in this present solution is a serious limitation. 


Vv. THE SOLUTION BY “VARIATION OF 
ELEMENTS” 


Although the “direct” solution outlined above is 
simple in its approach to the problem, it has severe 
disadvantages. Not only do secular terms arise in the 
solutions for radius vector and for the co-ordinate 
normal to the undisturbed plane, but the expressions 
derived are extremely complicated in form and not 
suited to practical application or to interpretation. 

As with most problems in celestial mechanics the 
problem of motion about an oblate spheroid can be 
approached by a variety of standard techniques estab- 
lished in theories of the motions of the planets and of 
the Moon. One of the most powerful methods lies in 
the use of the Hamilton-Jacobi equations and this 
approach has been employed by Garfinkel,® with great 
success. Another method which has been mentioned 
by various authors (e.g., Ref. 4) is the method of 
“Variation of Elements” as devised by Lagrange.’ This 
method does not appear to have been fully explored 
and yields solutions in a very simple manner. 

Consider first a particle moving around a sphere. 
Then in any set of geocentric, rectangular, space-fixed 
axes the equations of motion take the form: 


Mx 
3-0 


with similar equations in the y and z co-ordinates. 
Being second order differential equations, their 
solutions must involve, in all, six constants. These 
constants we take as the elements of the ellipse and can 
be selected as follows. Three of the elements define 
the shape of the ellipse and specify a time reference. 
These elements are a, e and o, a being the length of the 
semi major axis of the ellipse, e the eccentricity of the 
ellipse and o the value of the mean anomaly at a par- 
ticular passage of apogee. For convenience any one 
of these elements will be denoted by «; (i = 1, 2, 3). 
The remaining three elements define the orientation 
of the ellipse in space. The elements that we shall use 
are Q, the longitude of the ascending node of the ellipse 
on the equator relative to a space-fixed reference direc- 
tion in the equator; w, the longitude of apogee in the 
plane of the ellipse from the ascending node and measured 
in the direction of motion; and @,,, the maximum geo- 


.. (35) 


x + 


centric latitude attained by the particle—i.e., the 
inclination of the orbit. These elements will be denoted 
by £;. 

Taking a set of rectangular axes, geocentric in origin 
and space fixed, (x,y,z), with the x and y axes in the 
plane of the equator and the z axis through the North 
Pole of the Earth, the set being right-handed, then the 


solutions of the equations (35) are: 


yom r{ cos Q . cos (w + f) — 

— sin Q. sin (w + f). cos 8» > 
y= r{ sin Q . cos (w +f) + 

+ cosQ.sin(w + f). cos 8, } 
z = rsin(w + /). sin @,, f 


36) 





a(l — e?) 


1 — ecosf + GD 


where r 


J being the true anomaly and itself related to time by 
nt+o=—E+esinE .. (38) 


where n, the mean motion in the ellipse, is given by: 
na = p .. (39) 


(the axes and the orientation angles are shown in Fig. 1.) 


Az 
















A= Apogee 
N= Ascending node 
P = Particle 


Fic. 1. 


From the form of the solutions it can be seen that 
they may be written symbolically as: 


x = x(t, a, B,) a .. (40) 

Now when the perturbing potential is considered, 

the equations of motion are altered, but they may yet 
be written in the form: 


= te «» (41) 
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where we have now written the potential (1) as 


ee a .. (42) 

The solutions to the equations may now be obtained 
by assuming that the form of the solutions is as for the 
undisturbed case but that the elements «; and 8, are no 
longer constant. After some manipulation (for details 
of which see Ref. 5), we can derive equations for the 
rates of change of each of the elements with time, in 
terms of derivatives of the perturbing potential. Sup- 
pose that at any time the accelerations on the particle 
from the perturbing potential are S, radially, T at 90° 
to the radius vector and in the direction of motion, 
and W, completing a right-handed triad. Then the 
equations of motion for the variations of the elements 
become : 


. —2esin f 2a (1 — e*)! 
a nll—e)}’ : anne —"9 > oo. o .. (43) 
ee ae 
é (1 — e*)' sin f $4 
na 
— pty 2 = 
+@ yee iets Ee) 
nea r 
2 
a - 1 {2 Si cos f.S. + 
na\a e 
(1 — e?) r , 
bas — {1 T oa -: a} sin f.T o. (45) 
_ p2yh 
w= e-—" . cos f.S — 
nea 
(1 — ey! r : 
eae {1 + wane fins 
cot 6,, : 
na® (I Tee +f).W .. (46) 
cil. ins av > ee 


na® (1 — e®)! * 
rsin(w + f) 
: —.W = ee .. (48 
na? (1 — e?)! sin 6,, (48) 
From (1) and (42) we have: 


pM sins 1)... (49) 
and hence the forces S, T and W are given by: 
.. ~ : 
cr 
ss 1 co .c0s B + .. (50) 
W = : af . sin B q 





where 8 is the azimuth of the velocity vector. 

For a first order theory, as S, T and W are of the 
first order in J, we can insert the undisturbed ellipse 
solutions in the right-hand sides of (43) to (48) and 
in (50). For an elliptic orbit, then from the definitions 
of the elements, consulting Fig. 1, we have: 


sin 6 = sin(w + f). sin 6,, 

sin 8 = sec @. cos 8,, 

cos 8 = sec 8. cos(w + f). sin @,, 
Substituting from (51) into (50), the expressions for 
S, T and W become: 


S = sy T8143 sint ay sin? (w+ f)— 1} 


.. (1) 


T =—3J0 = sin? 6,, . sin2(w + f) (52) 


W = — 3. J8*. 5. sin 26. sin (w +f) 


Now, for an elliptic orbit, r is a function of f alone 
and it thus follows that on substituting for S, 7, W and r 
into (43) to (48), the right-hand sides of the equations 
for the time derivatives of the elements are therefore 
functions of f, the true anomaly, alone. The elements 
themselves appear in the right-hand sides, but are taken 
as their elliptic—and thus constant—values. This is 
valid as the equations show that any variations in the 
elements are of order J. To allow for variations in the 
elements in the right-hand sides would therefore introduce 
terms of the order of J?, and these we are by definition 
disregarding. 

To solve the equations for the variations in the ele- 
ments as functions of time it would be necessary to 
transform from true anomaly on the right-hand side 
to mean anomaly, the latter increasing uniformly with 
time. For an elliptic orbit the relation between the 
true and the mean anomalies are well known—the 
Equation of the Centre being an example. The relations 
are, however, series expansions in terms of the eccen- 
tricity. For a nearly circular orbit, as in the case of 
a satellite vehicle, only a few terms would suffice, but 
to consider cases when the eccentricity is not restricted 
would lead to considerable complexity. 

In the present case we are concerned only with the 
perturbations arising from the oblateness of the Earth 
and we can neglect the effects of the particle on the 
motion of the Earth. We can then again introduce 
the transformation: 

. h 


‘dt 

We now have d/dt = h/r?.d/df. Although h is not 
a constant for the particle, we may, after effecting this 
transform, multiply both sides by a factor r?/h. Then 
on the left-hand sides we have only expressions of the 
form dq/dt, where q is an element, and on the right-hand 
side we may again adopt the constant elliptic value for h, 
the error being of order J*. 


VI. THE SOLUTIONS OF THE VARIATIONAL 
EQUATIONS 
Consider first the equation for the variation of the 
maximum latitude, @,,, of the particle. On making the 
substitutions previously indicated we obtain*: 
a0, «=p J® sin 209 Sin 2 (wo. + f) (53) 
df 2 nohoag? (1 — eo°)* r 


r 








* A zero suffix denotes initial osculating values. 
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Substituting for r from (37) and noting that 


hg? = pay (1 — e,”) oe .. (4) 
then (53) becomes: 
ad), | 3p Jd sin Bus. 
df Pre 2a,? (1 — eo*)* maakt Se) . 


x [1 — e, cos f] oo 
Expanding the trigonometrical terms and integrating, 


the boundary conditions being f = /, at t = 0, we have: 


3J8? sin 28,,, 
A6,, = — Nis see cos (f + 2w») — 
0 0 


— cos (2f + 2w») + cos (3f + 2a) (56) 


Thus to the first order the orbit of the particle oscillates 
about the plane of the undisturbed ellipse. 

The equation for the longitude of the ascending node, 
after the same transformations, yields 


dQ ~—- 35 JB COS Ano ms 
df  aza— oa settee yy 20) ° 
x {1 - cs c0s f} .. (57) 











Hence, integrating: 





‘ 3 J&B cos Amo , 
AQ = —_ a= arent 
oo $ ° sin(f + 2wo) — 4 sin (2f + 2w,») + 
eo . f 
+ = sin (3f + 2a) ch .. (58) 
6 he 
From the above result it can be seen that the line 
67 Jd? cos Ono 





of the nodes regresses by radians per 


a,? (i — €*)* 
revolution. 
The semi-major axis is next treated. After the usual 


transformations we derive: 
eo. ~ — €, COS rh x 
df a (i— al — ee || ; 
x {sin Amo Sin (2f + 2wo) [1 — eg cos f] + 


+ e, sin f [3 sin® 6,,. sin? (f + w») — 1) 





. (59) 
Integrating: 

6/8? 

A= asl — en * 
2 
coh eet . 3 sin? 6,6 — 2). cos f — 
e,® sin? 8,,, 
— 2 SE = cos (f — 2u) — 
_ 3e0 (4 + eo%) sin® Ono 


cos (f + 2a») — 





16 
2 nz — 
ni oe — 2) cos 2f+ 


a - in? 
4 2 + 3441) sie On ogi (2f' + 2p) 4: 











4 
€,° (3 sin® Ano — 2) 
+ 74 cos 3f -- 
4+ e,2) sin? 
a 3e, ( es Ono 00s (3f + 2en) + 
F, 3e,? sin? O19 


F cos (4f + 2w») + 


e,° sin? 8.5 





cos (Sf + 2») y .. (60) 


When the equation for the variation in the eccentricity 
is transformed we obtain: 


de 3J8* 

df yay? (1 — &?? 

nt by Ano Sin (2f + 2a.) {1 — e, cos f} ] 
+ e, sin f {3 sin® 0.9 sin®?(f + we) —1} 
3J8? sin? O16 

€ Ao” (1 — ey) 


{l — e,cos f}* x 


. Sin (2f + 2w») {1 — e, cos f} (61) 


Substituting into (61) from (59) we obtain: 


de_ 1 — e* da 
df ea df 
3J8* sin® Ono 


sin (2f + 2w,) {1 — e, cos f} 
. (62) 


m €o Gy" (1 — e,") : 


Further, by comparison with (55) we can integrate 
directly to obtain: 


_il-e* Aa — 
Ae = = {x tan Ong 0 | .. (63) 


Now from (56) and (60) it can be seen that neither 
Aa nor A@,, contain secular terms and thus the variations 
in eccentricity are non-secular. Hence the orbit of the 
particle is stable, at least to the first order in J, and 
the apparently “‘spiral’’ motion indicated by the direct 
solution is only an effect of approximation. 

When the equation for the longitude of apogee is 
expanded, a series of trigonometrical terms, as above, 
is obtained. Integrating: 











bls) ene 5 (4 — SSin* Amo) 
seit nae 2 f 
7 17 ~ - 
-|1-3 — = sin® 6,,, + j e.? — ri eo? sin One sin f— 
ee a Bm «5 sin (f — 2w,) + 


in2 
af ex + — 2 — > €, sin® One | sin (f + 2a») — 


_ 26 a bn — 9 





sin 2f — 
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% _&y (2 — 5 sin® Pm0) in (2f + 2ew9) + 
0. 








4 
4 & (3 = ae sin 3f + 
1 le — ; sin? 6,49 — ; eo” sin® Orne sin (3+ 2wp») + 
+ & €y Sin? 8,9 sin (4f + 2») — 
wa sin? 0,,5 sin (Sf + 2anh i - + .» (64) 
16 fo 


There is thus an advance of apogee as the particle 
describes its “orbit.” For launching at an azimuth 
such that the maximum latitude in the unperturbed 
orbit is given by sin @,,, = 2/+/5, the advance is purely 
periodic. 

The last equation is for the mean longitude of apogee. 
This equation may be transformed to give: 


¢=— (1-4 o 


—— 3428+ W cot @,,9sin (f + any} .. (65) 
Ny Ay" 
Integrating : 
2 
Ao - (1 —e,?/Aw + av 


a(t — ea? * 
i — 4sin? 6,0) (f — e, sin f) — 


- 9 a 
+s (4 — 1) E sin (f+ 2») - 
f 


— sin (2f + 2u,) + ; sin (3f + 2a) | y 


. (66) 


The above analysis thus demonstrates the simplicity 
of the approach using the method of “Variation of 
Elements,” the solutions being derived in a particularly 
simple manner. Comparison of the above results with 
those of Garfinkel shows a close correspondence, the 
solution of Garfinkel being, however, free from some of 
the limitations of the present solution. 

The present solutions are extremely simple in applica- 
tion and have been found, at least over comparatively 
short periods, to agree exactly with the results of 
numerical integrations of the basic equations of motion 
upon a digital computer. 

The theory, although essentially a first order theory 
as here presented, could be extended to higher orders 
in J and to include the terms in K in the Earth’s potential.’ 
* Whether observation could presently detect the effects 
of such terms and separate them from atmospheric 
perturbations is a matter of some doubt. 
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LIST OF SYMBOLS 


= constants 


Q& me 


3 
© 
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eccentric anomaly. 
= universal constant of gravitation. 
= perturbation in A. 


constants in Earth potential. 


n> Jn» Ke, J = integrals in time-of-flight equations 
Lagrangian, L = T+ ¥ 
mass of Earth. 
cylindrical co-ordinate (radius). 
kinetic energy per unit mass. 
perturbation in uw. 
= magnitude of velocity vector at time zero. 
T, W (in Section V) = Orthogonal components of perturbing 
potential. 


weY 


PAsram 
Pp 
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xONRES 
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a semi major axis of ellipse. 

e eccentricity of ellipse. 

f true anomaly. 

h angular momentum per unit mass in plane of unper- 
turbed ellipse. 

i = 1,2 or 3. 

n = mean motion in osculating ellipse. 

n,j,k = constants. 

qi (i = 1, 2, or 3) = R, p or z, respectively. 

r = geocentric distance. 

t = time. 

u = 1/R. 

x,y = rectangular co-ordinates. 

z = rectangular or cylindrical co-ordinate. 

7 external gravitational potential of Earth. 


wn 
~ 
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longitude of ascending node. 
= elevation of velocity vector above local horizontal at 
time zero. 
a, (i = 1, 2 or 3) = any one of: a, e, 
azimuth, east of north, of velocity vector at time zero. 
1, 2 or 3) = any one of: Q, w, 0. 
equatorial radius of the Earth. 
geocentric latitude. 
maximum geocentric latitude. 
z X Ue. 
G x M. 
cylindrical co-ordinate. 
mean longitude of the Epoch. 
longitude of apogee relative to maximum latitude. 
longitude of apogee relative to ascending node. 
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REPLACEABLE SOLID PROPELLENT CARTRIDGES FOR EMERGENCY 
POWER IN SPACE* 


By NORMAN J. BOWMAN, Ph.D.,t Member 
(Communication from the General Electric Company, U.S.A.) 


ABSTRACT 


The first manned spaceships will require auxiliary power supplies to provide thrust and/or electrical power for 
emergency situations and planned peak power loads. Chemical systems can supply both types of power demands at a 
lower total weight than alternative systems. Solid propellents offer many advantages over liquid propellents in the ranges 
of weight under consideration. They will be considerably lighter, more reliable, have better storability and greater ease of 
handling. The optimum solid propellent system would consist of a single breech-loading motor into which propellent 
charges of various sizes would be placed, as needed. The motor, in turn, could be connected either to an expansion bell for 
thrust or to a turbogenerator for electrical power. By application of this concept, useable propellent would be 95 to 97% 
of the system mass, excluding turbogenerator, which is much superior to the mass fractions of liquid motors in the propellent 


weight ranges being considered. 


I. POWER REQUIREMENTS 


In the first manned spacestations or spaceships, there 
will be situations where additional power is needed over 
and above that normally provided by the power plant 
of the vehicle. These situations are of two types. The 
first is the emergency situation, such as failure of the 
main power plant or a necessary change in position and 
direction of the vehicle. The second category is the 
peak load which can be anticipated. This includes 
communications, periodic operation of some parts of 
the environmental conditioning system, breaking out 
of orbit, and retrothrust on re-entry. 

These power requirements are of two different types, 
namely thrust and electrical power. The first of these 
can only be satisfied by chemical means. The ion jet is 
of too low a thrust level and the atomic motor will not 
be available in the time period we are considering here. 
The electrical power demands could be satisfied in several 
ways. We may use storage batteries, if demands are 
not very great; increase the general power level of the 
satellite system; or, finally, utilize chemical energy 
whereby a rocket motor drives a_turbogenerator. 
Batteries are too heavy to be considered, except for such 
purposes as Operating a transmitter for short times at 
not too frequent intervals. An increase in the overall 
power level of the missile entails certain disadvantages. 
If the power is from solar cells, it will be necessary to 
increase the size and weight of the entire system several- 
fold merely to take care of a few extreme demands. If 
power is from an isotope source, while the power level 
can be increased without a very large increase in weight 
of the generating system, the efficiency of such systems 
is low. Furthermore, they cannot be shut off as can 
be done even with solar cells. This means we have a 
much greater heat dumping problem which will require 
a large increase in radiation surface and associated 
equipment. To determine when it is advantageous to 
increase the overall power level, rather than to have an 
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expendable emergency system, requires a careful opti- 
mization study of the particular vehicle in question. In 
general, it may be said that if emergency or peak levels 
are frequent, it will pay to increase the overall level. If 
they occur on an emergency basis, or only a few times 
during a trip, it is clearly better to have an auxiliary 
system. It is with these latter situations that we are 
concerned in this paper. 

The flexibility of the chemical methods for emer- 
gency or peak power is an important factor, as it is 
capable of giving both thrust and electrical power at the 
discretion of the occupants of the vehicle. Also, it is a 
completely separate system whereas, in case of a true 
mechanical failure, an increase in overall power level 
can hardly be considered an emergency supply. 


II. LIQUID VERSUS SOLID PROPELLENTS 


The choice between liquid and solid _ propellent 
motors remains to be considered. The liquid 
propellent types have several disadvantages. They 
are considerably more complex and, therefore, 
have more possible areas for failure. They require 
either gas pressurization or a turbo-pump system in 
order to feed propellent into the motor. These con- 
siderations result, in the area of small thrusts and power 
levels, in a considerably greater weight of inert parts 
than would be required with solid propellent motors. 
The problems of storage are also much simplified with 
solid propellent motors. They could be stored any- 
where within the vehicle and moved at will, whereas 
liquid tanks would have to be fixed in place. Solid 
propellents also present fewer problems of corrosion 
and stability over long periods of time. 

In terms of the energy available, the liquids and 
solids are about equal. For the use being considered 
here, cryogenic materials are ruled out as adding extra 
weight and complexity to the system. The storable 
liquid motors available or under development generate 
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measured specific impulses of the order of 250 sec. or 
slightly higher. Such a system as acid/dimethylhydra- 
zine is an example. This energy is no higher, however, 
than that obtained from solid propellents currently 
available in moderate quantities. If long duration 
electrical power generation is desired, both liquids and 
solids can satisfy the need without too high a flame 
temperature. Solid propellent units have been developed 
with flame temperatures as low as 1800° F. (985° C.) and 
durations of over 8 min. Similar results could be 
obtained with liquid fuel units. 

The advantage of liquid motors over the solids is in 
their flexibility for variable thrusts and durations. This 
can be partly offset by the use of small solid propellent 
units so that for any application the unused energy would 
be small. Ifa large number of small motors are used, the 
total mass of hardware will be greater than that needed 
for a smaller number of large motors, since the mass 
fraction of propellent in the motor decreases as mass 
decreases. For purposes of this paper, it is assumed 
that the mass fraction of a 1000-lb. motor, including 
nozzle with expansion ratio of 30 to 1, would be 87%, 
and for a 20-lb. motor, 81%. Between these two the 
relationship is essentially linear when plotted on two- 
cycle semi-log paper. If anything, these values are con- 
servative. For space application, the operating pressure 
of motors can be very low without attendant loss of 
impulse. At 100,000 ft. altitude the atmospheric pressure 
is approximately 0-16 lb./in.2abs. This means that, for 
a constant pressure ratio, a chamber pressure of 
10-7 Ib./in.2abs. could be used without loss of specific 
impulse. Actually, use should be made of the improve- 
ment of specific impulse possible with reduced pressure 
in space. However, 100,000 ft. is about the lowest 
altitude at which this system would ever be used, even 
for re-entry course corrections. At altitudes above this, 
the pressure decreases rapidly so that at 100 miles, with 
a chamber pressure of 25 Ib./in.*, the maximum specific 
impulse that can be obtained due to expansion into a 
vacuum (pressure ratio approaching zero) is reached. 

Unfortunately, modern techniques for fabrication of 
lightweight cases can not be used to the fullest in this 
application. Since the firing duration will often be long, 
the case will heat up to a greater extent than normal, 
despite insulation. This will necessitate an increased 
wall thickness. There is also a minimum wall thickness, 
regardless of pressure, which is dictated by rigidity, etc. 
This, in turn, sets the minimum mass for the motor and, 
in the small sizes under consideration here, this limiting 
factor definitely enters. Further, the nozzle, with an 

. expansion ratio of 30 to 1 which is necessary for the 
thrust applications, will be a large fraction of the total 
motor mass. This nozzle mass is fixed, once the thrust 
level and pressure are determined, regardless of the 
duration and the resulting variation in total motor mass. 

It should be pointed out that there is another dis- 
advantage in going to a very low chamber pressure. 
For a specified power level the internal pressure deter- 
mines the nozzle diameter which, in turn, determines the 


nozzle length and mass for a given expansion ratio. A 
very low internal pressure will mean a very long and 
heavy nozzle. Actually, for any specific application, a 
careful optimization study would have to be carried out 
between case-plus-nozzle mass, pressure, and specific 
impulse. 


Ill. SINGLE BREECH-LOADING MOTOR 


The alternative method of utilizing solid pro- 
pellents is to have a single breech-loading motor 
and load it with solid propellent grains or cart- 
ridges, as needed. This technique has been used 
for starting jet engines and has proven satisfactory. 
The motor would need to be thick-walled and, with the 
breech and sealing mechanism, it would be about three 
times as heavy as an ordinary one-use motor. The 
propellent grains would be stored inside the ship in thin 
polyethylene bags until ready for use. They would 
then be loaded into the breech with a clip-on igniter and 
fired at will. No supporting parts (i.e., metal or plastic 
cartridge case) are necessary since rugged handling is 
precluded. The reloading for a second firing can be 
accomplished within 1-2 min. without difficulty by the 
operator inside the ship. The gases would have to be 
vented into space, regardless of whether the turbo- 
generator or high expansion ratio thrust nozzle were to 
be used. This requires an air lock in both parts of the 
system. The simplest way to do this would be to have 
the motor mounted so that, depending upon which of 
the two systems was to be used, it could be swivelled and 
bolted to the external expansion bell or the internal 
turbogenerator. The latter would have its own vent 
with a valve. After the breech was fixed to the desired 
system, the external valves would be opened and the 
breech lock would be a complete seal against air leakage. 

In using cartridges for different applications there are 
two factors we would like to vary. The first is the power 
or thrust level; the second is the firing duration. 


1. POWER VARIATION 


The first of these can be changed by use of pro- 
pellents of different burning rate, by use of gas 
dumping (possibly in connection with the storage 
battery system of the vehicle), and best of all, by the 
change in propellent geometry. If, for example, a 
tubular grain of internal-external end-restricted type is 
used, we may change the power level by having the total 
motor charge divided into a series of disks and by 
varying the number of disks placed in the motor. It 
would be desirable to have the motor volume accom- 
modate three or four disks to give a wide range of both 
power level and total energy per firing. There is, of 
course, a small but not negligible non-productive weight 
associated with the restrictor on the ends of the disks so 
that division into very small pieces is not desirable. 


2. VARIATION OF DURATION 
The variation of duration can be accomplished 
by change in burning rate of the propellent, gas 
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dumping after the emergency is over, and by changes 
in geometry. It should be possible to open enough 
vents in the motor to reduce the internal pressure 
to a level where the flame will go out at termination of 
the emergency. This will permit recovery of the grains 
for re-use. A propellent of these characteristics should 
be considered seriously, as it will reduce the number of 
grain types necessary and will give a more flexible and 
versatile system. 

There are two grain geometries which can be used to 
vary the duration. The first is an internal-external 
burning tube whose diameter or web thickness can be 
varied. This, however, gives a limited flexibility, and 
then only for relatively short duration firings. The 
second is an end-burning grain, where a large web 
thickness and the resulting long duration can be obtained. 
A wide variation in the firing duration is possible by 
changing the number of disks used in each firing and by 
rapid reloading of the breech. It appears that the long 
duration (in terms of minutes) generation of electrical 
power will be one of the most useful applications. 
Consideration must be given to the pressure generated in 
the motor by these variations. The pressure must never 
exceed the rated value, but can be reduced to about 10% 
of the maximum. A ten-fold change in a motor of fixed 
design is about the most that can be usefully considered, 
even expanding into the vacuum of space. 

In general, the following is recommended : 


(1) Grains of end-burning type, sized so that three or 
four slugs can be placed in the motor at one time 
to regulate the duration. 


(2) Tubular grains for high power or thrust levels 
divided into segments to give variation of power 
level. 


By use of these two types of grains, by varying the number 
of segments used, and by rapid reloading of the breech, 
the maximum flexibility to cover all types of situations 
can be obtained with little wasted propellent. Certain 
variations, in case of a shortage of one type of grain, 
could be obtained by hand application of temporary 
restrictors to the tubular grains to cut burning surface. 
A far from flat pressure-time curve would be obtained 
but it would still be useable in many cases. 

In connection with the above, further flexibility and 
economy can be obtained by use of gas dumping valves, 
use of existing batteries to take up excess electrical power, 
and by the use of ports to reduce the internal pressure 
and stop burning of the grain so that it can be recovered 
and re-used. 


IV. FURTHER ADVANTAGES OF BREECH- 
LOADING TECHNIQUE 


In addition to the flexibility which the breech-loading 
technique gives over a series of individual motors, there 
is a substantial saving in hardware mass. Plotting the 
total hardware mass associated with several propellent 


masses as a function of the number of increments in 
which it is to be fired, the results shown in Fig. 1 to 3 
are obtained.1_ This makes use of variation in mass 
fraction mentioned earlier in this paper, and assumes 
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that the breech is three times as heavy as a single-use 
motor. The total propellent masses of 300, 500, and 
1000 Ib. have been chosen as representative of the 
masses for which we can forsee use of this system. 
Several conclusions can be drawn from these curves. 
There is a very definite weight saving in the use of the 
replaceable cartridge concept, provided the total pro- 
pellent on board is to be fired in as few as five segments. 
Further, the savings in weight increase very rapidly to 
about fifteen segments, after which they taper off. 
Actually, the curve may rise again in some cases, since 
the mass of a motor will become nearly constant (mass 
fraction decreases sharply) when the motor becomes too 
small. In no case has a motor capable of handling less 
than 201b. of propellent at a firing been considered. 
This does not mean that the total charge must be used 
in any given firing, however. As discussed above, use 
of partial charges is highly desirable. 

The weight saving is emphasized by calculation of the 
mass Of TOTAL INERT PARTS as a percentage of the total 
system mass. For the case of 300 Ib. of propellent it is 
4-8% ; for 500 Ib. it is 3-85% ; and for 1000 Ib. it is 29%, 


based on use of grains weighing between 20 and 35 Ib., 
respectively, in extreme cases. These mass fractions far 
exceed anything that can be obtained with a liquid motor 
or lightweight single-use solid-propellent motors. 


Vv. CONCLUSIONS 


In the early space stations or vehicles chemical pro- 
pellents will be useful for emergency situations where 
either thrust or electrical power is needed for relatively 
short times. Their use will give a system both lighter and 
greater in versatility than the addition of more solar 
cell and/or radioisotope power sources and radiators to 
the vehicle. These sources are also unable to deliver 
thrust. Solid propellents are preferable to liquids 
because of better mass faction, reliability, storability, 
and system simplicity. The use of a single breech- 
loading motor with replaceable propellent grains gives 
great flexibility in the system and a considerable weight 
saving over individually-cased motors. 


REFERENCE 
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Memorandum, February, 1959, (36). 
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CORRESPONDENCE 


(In these letters to the Editor, some passages have necessarily been omitted) 


Equations of Rocket Motion 
Sir, 

Dr. Leitmann has been kind enough to point out that 
my criticism! of his article “On the Equation of Rocket 
Motion’ was unjustified, since the term involving the 
time in his equation (2-5) arises from singularities in the 
mass flow rate at the beginning and end of the accelera- 
tion. I would like to withdraw my criticism of his 
paper. 

Very truly yours, 
R. L. AAMODT. 
J—12, P.O. Box 1663, 
Los Alamos, New Mexico, U.S.A. 
1 April, 1959. 
REFERENCES 


1. R.L. Aamodt, J.B.J.S., 1957-58, 16, 307. 
2. G. Leitmann, ibid., 141. 


Design of Step Rockets 

Sir, 
* It would appear that both Mr. Vertregt' and I are 
equally convinced that our own method of designing a 
multistage rocket is the best and most convenient one. 
I think, however, that it would be a pity if either method 
were entirely rejected, for both give the same (correct) 
answers, and they are to some extent complementary. 

Thus the graphical method is very convenient for a 
preliminary survey, giving rapidly explicit solutions of 


modest accuracy. When such a survey has fixed the 
region of immediate interest, then one naturally passes 
to an exact numerical solution employing Vertregt’s 
equations. 
Yours sincerely, 
C. A. Cross. 
284 London Road, 
Northwich, Cheshire. 
7 May 1959 
REFERENCE 
l. M. Vertregt, J.B.J.S., 1959-60, 17, 100. 


The Nuclear-Powered Ion Rocket 


Sir, 

In a recent letter,! commenting on a paper by Preston- 
Thomas,” I introduced the constraint of prescribed 
energy to the problem of optimizing the power plant/ 
working fluid mass distribution of an ion rocket. Dr. 
Preston-Thomas has kindly pointed out** that the 
introduction of such a constraint is unreasonable. In 
order to fulfil his mission, i.e., to reach sufficient charac- 
teristic speed, the astronaut must provide the necessary 
energy before starting on his mission. The process of 
optimizing the internal mass distribution of the rocket is 
also carried out before take-off, of course. Thus, from 
the point of view of this optimization, available energy 
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must be regarded as unconstrained. But an uncon- 
strained extremum always yields the “best” extremum. 
Thus, Dr. Preston-Thomas has indeed given the correct 
expression for the optimum mass distribution. 


Sincerely yours, 
G. LEITMANN. 


Mechanical Engineering Mechanics and Design, 
University of California, 

Berkeley 4, California, U.S.A. 

20 May, 1959. 


REFERENCES 
1. G. Leitmann, J.B./.S., 1957-58, 16, 587. 
2. H. Preston-Thomas, ibid., 508. 
3. H. Preston-Thomas, ibid., 1959-60, 17, 101. 
4. H. Preston-Thomas, private communication. 
Legal Consequences of Space Travel 
SiR, 


The legal consequences of space travel have interested 
international lawyers for some time, and a large number 
of papers have now been published. This is an aspect 
of the subject which should not be allowed to escape 
the attention of the Government before serious internat- 
ional complications arise, either through possible rivalry 
in space activities, or through damage caused by space- 
craft to persons or property on the Earth. 

The United States Senate Committee on Space and 
Astronautics has already recognized this problem, and, 
in the United Nations a resolution was passed in Dec- 
ember, 1958 by the General Assembly that an inter- 
national committee should study the legal aspects of 
spaceflight in addition to scientific matters. 

As the Soviet Union is a leader in this field of explora- 
tion, the political consequences of not defining the legal 
position soon may become quite serious one day. 

A lead on this question now would be one very 
important contribution that Britain could make to the 
space age. 

Yours faithfully, 
Cyrit E. S. HorsForD 
Flat 4, 126, Medway Street, 
Westminster, London, S.W.1. 
8 June, 1959. 


The Satellite Telescope 
Sir, 


With reference to Mr. Griffin’s further comments? 
regarding the design of the satellite telescope’, his 
reasoning on the matter of the temperature difference 
between the secondary mirror supports is self-contra- 
dictory. He first dismisses the importance of the 
disposition of the supporting structure relative to the 
radiation distribution by saying that the interior of the 
telescope tube approximates to a black-body cavity 
wherein the radiation is everywhere practically the same. 
He then proceeds to show, quite correctly, that even very 
small temperature differences arising out of a variation 
in radiation intensity can cause excessive errors in 


optical line-up. It is clear, therefore, that we cannot 
dismiss the shell as a black-body cavity but must concern 
ourselves with this question of the position of the 
supports relative to the pattern of radiation density 
within the shell. 

Mr. Griffin’s statement that the inverse square law has 
no application in this instance is not correct. In fact, 
the total radiation received by any structural member is 
an integral function of the radiation emitted by each 
element of the tube and the inverse square of its distance 
from the structure. A member close to the sunlit side 
will therefore be at a higher temperature than a similar 
member running along near the shaded side. The 
farther away that these members are from the telescope 
sides, the less will be the temperature difference between 
them and the advantages accruing to the proposed 
design by reason of this fact offsets the geometrical 
disadvantages. 

Mr. Griffin’s other difference of opinion rests upon 
whether or not a man can desist from fidgeting whilst 
engaged in a task requiring careful, if tedious, attention. 
Whilst it is clear that Mr. Griffin would find this restric- 
tion irksome, I can assume him that it is well within the 
capabilities of the average man. 

I endorse the principles behind his closing comments, 
but reference to the drawing of the satellite telescope 
will clearly show that the placing of a suitable life 
compartment at the centre of a 100-in. Cassegrain 
system has the disadvantage of preventing any light from 
reaching the mirror. 

Yours sincerely, 
F. A. SMITH. 
15, Hackford Road, 
Winterbourne, Bristol. 
20 October, 1959. 


REFERENCES 


1. Roger Griffin, J.B./.S., 1959-60, 17, 100. 
2. F. A. Smith, ibid., 1957-58, 16, 361. 


Orbits of Artificial Satellites 
Sir, 

Professor William T. Thomson’s paper’ is most 
interesting; it solves many orbital problems of artificial 
satellites. However, a simpler method and an easier 
approach to solve these and many other problems related 
to artificial satellites has appeared elsewhere’. 


Yours sincerely, 
W. H. T. Lon, 
Adjunct Professor of Physics, 
Texas Christian University. 


Department of Mathematics, 
University of Manchester, 
Manchester 13. 

11 December, 1959. 
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1. William T. Thomson, J.B./.S., 1959-60, 17, 83. 
2. W.H.T. Loh, ARS J., 1959, 29, 146. 
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A list of abbreviations of titles of journals was included in the 1954 index and addenda have been published in subsequent issues 


of the Journal. A further addendum is given below: 


Air Intell. Inf. Rept. Air Intelligence Information Re- 


port. 
Amer. ~ Elect. Engrs. American Institute of Electrical 


Appl. I Engineers, Applications and 
Industry. 
Amer. J. Internat. Law. American Journal of International 
Law. 


American Metal Market. 

American Society for Tool En- 
gineers. 

American University Law Review. 


Amer. Metal Market. 
Amer. Soc. Tool Engrs. 


Amer. Univ. Law Review. 


A.M.L. Rept. Admiralty Materials Laboratory 
Report. 
Anal. Chem. Analytical Chemistry. 


Angewandte Chemie. 
Applied Scientific Research. 
Aussen Politik Zeitschrft fiir Inter- 


Angew. Chem. 
Appl. Sci. Res. 
Aussen Politik Z. Internat. 


Fragen. nationale Fragen. 
Australasian Engr. Australasian Engineer. 
Boston Bar. J. Boston [U.S.A.] Bar Journal. 
Canad. Aero. J. Canadian Aeronautical Journal. 
Canad. Oil J. Canadian Oil Journal. 


Commonw. Spaceflight Symp. Paper presented at Commonwealth 
Spaceflight Symposium, London 
1959. 

Electronic Engineering. 

Federal Bar Journal. 

Hawker Siddeley Technical 
Journal. 

International and Comparative 
Law Quarterly. 


Electronic Engng. 
Fed. Bar J 
Hawker Siddeley Tech. J. 


Internat. Comp. Law Quart. 


Law Review Digest. 

Los Angeles Bar Bulletin. 

McGill Law Journal. 

National Aeronautics and Space 
Administration. 

New Zealand Law Journal. 
NRDC [National Research and 
Development Corporation] 

Bulletin. 
Politik Internationale. 


Law Rev. Dig. 

Los Angeles Bar Bull. 
McGill Law J 
N.A.S.A. 


New Zealand Law J. 
NRDC Bull. 


Politik Internat. 


Proc. VII Internat. Astronaut. Proceedings of the VII Inter- 
Congr. national Astronautical Con- 
gress. 
Rev. Déf. Nat., New Series Revue de Défense Nationale, 
Nouvelle Serie. 
Rev. Gén. Air. Revue Générale de I’ Air. 


Reviews of Modern Physics. 

Saint Louis University 
Journal. 

Saturday Review. 

South African Law Journal. 

Tennessee Law Review. 

Tool Engineer. 

United States Naval Institute Pro- 
ceedings. 

United Nations Review. 

University of Detroit Law Journal. 

University of Kansas City Law 
Review. 

Wall Street Journal. 

Zeitschrft fiir Luftrecht. 

Paper presented at 10th Inter- 
national Astronautical Congress, 
London, 1959. 


Revs. Mod. Phys. 

St. Louis Univ. Law J. Law 
Saturday Rev. 

South African Law J. 
Tenn. Law Rev. 

Tool Engr. 

U.S. Nav. Inst. Proc. 


United Nations Rev. 
Univ. Detroit Law J. 
Univ. Kans. City Law Rev. 


Wall St. J. 

Z. Luftrecht. 

10th Internat. Astronaut. 
Congr. 
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JAG J. Judge Advocate General’s Journal. 
J. Air Law Comm. Journal of Air Law and Com- 
merce. 
Law J. Law Journal. 
-1 General 
(875) Constant configurations in the problem of four bodies and 
their stability. V.A. Brumberg. Astronomicheskii Zhurnal, 34 


(1), 55-74 (1957). (In Russian.) 


(876) A guide to rocketry: 5. Physical conditions in space. 
R. L. Boyd. New Scientist, 3 (63), 31-2 (30 Jan., 1958). A 
résumé of what is known of conditions in space, with particular 
reference to hazards in space travel. 


-5 Planets 


(877) The difference in the oe diameters of Mars 
in ultra-violet and red light. Barabashov and I. K. Kobal. 
Astronomicheskii Zhurnal, 33° 6, 890-2 (1956). 


(878) On the structure of Saturn’s rings. III. M. S. Bobrov. 
Astronomicheskii Zhurnal, 33 (6), 904-11 (1956). (Jn Russian.) 


(879) The possibility of constructing a theory of the motion of 
the Trojans on the assumption that they are near the points of 
libration. Yu. A. Ryabov. Astronomicheskii Zhurnal, 33 (6), 
936-52 (1956). (in Russian.) 


(880) The atmosphere of Venus. S. H. Dole. 
P-978 (12 Oct., 1956). 


(881) Our neighbour Mars. Z. Kopal. New Scientist, 1 (1), 
41-3 (22 Nov., 1956). Describes what is known of the atmos- 
phere and surface conditions of Mars. 


(in Russian.) 


Rand. Corp. 
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(882) Some methods of gee og | intermediate orbits for minor 
planets of the Trojan group. A. Ryabov. Astronomicheskii 
Zhurnal, 34 (4), 588-602 “9sT). (In Russian.) 
= The role of true absorption in the atmosphere of Mars. 
V. V. Sharonov. Astronomicheskii Zhurnal, 34 (4), 557-67 
(1957). (in Russian.) 
(884) Venus, the nearest planet. 
2 (52), 12-4 (14 Nov., 1957). 
(885) The planet Mars and its enigmas. 
nautica, 6 (1), 11-16 (Jan.—Feb., 1958). 
(886) Martian atmosphere restudied. Nat. Bur. Stand. Tech. 
News Bull., 42 (3), 48-52 (Mar., 1958). Information on the 
properties of the atmosphere of Mars obtained from analysis 
of spectroscopic observations of its light. Results confirm that 
there is little oxygen or water vapour on Mars (5 refs.) 
(887) Saturn. L. Chincarini. Astronautica, 6, 69-72 (March- 
April, 1958). (In Italian.) 


P. Moore. New Scientist, 


G. Ruggieri. Astro- 


(In Italian.) 


(888) Atmospheres of other planets. S. L. Hess. Science, 
128, 809-14 (10 Oct., 1958). (19 refs.) 
.6 Earth 
[See also abstract no. 1144] 
(889) The Mechanical ’ Association (A’sia.) Inc. 
Geophysical Year Paper. G. Ellis. Australasian Engr., 50, 


54-56 (Nov., 1957). Discusses the Earth and its motions, 
terrestrial gravity, the Moon and its motion, eclipses, escape 
velocity, etc. 
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(890) Determination of air density and the Earth’s gravitational 
field from the orbits of artificial satellites. D. G. King-Hele. 
10th Internat. Astronaut. Congr., 17 pp. (1959). Methods for 
evaluating air density and scale height from the changes in the 
orbits of satellites, taking into account the oblateness of the 
Earth and atmosphere, tumbling of satellites and the rotation 
of the atmosphere. Parameters for 1957-1958 satellites, and 
values of the mean air density at heights between 200 and 400 km. 
are tabulated, and the evaluation of the successive terms in the 
nes gravitational potential with the aid of satellites is dis- 
cussed. 


-7 Moon 
[See also abstract no. 889] 


(891) Comparison of the colours and brightness coefficients of 
parts of the Moon’s surface with some terrestrial rocks. N. P. 
Barabashov and A. T. Chekirda. Astronomicheskii Zhurnal, 
33 (4), 549-55 (1956). (in Russian.) 


(892) Origin of the surface structure of the Moon. H. C. Urey. 
Angew. Chem., 68, 533-9 (1956). (Jn German) 


(893) Observations of the Moon for the Moon’s surface. W. W. 
Kellogg. Rand. Corp. RM-1764 (27 July, 1956). 


(894) A comparison of the law of light reflection by the Moon 
and some terrestrial rocks. N. S. Orlova. Vestnik Lenin- 
gradskogo Universiteta Seriya Matematiki, Mekhaniki i Astro- 
nomii, 1 (1), 152-7 (1957). (in Russian.) 


(895) Why goto the Moon? Z. Kopal. 
28-30 (30 May, 1957). 


(896) The atmosphere of the Moon. B. Elsmore. 
tist, 2 (42), 22-3 (S Sept., 1957). 

(897) Our neighbour the Moon. G. Fielder. 
2 (51), 16-8 (7 Nov., 1957). 


(898) Conditions on the Moon with which the first landing crew 
will contend. G. Fielder. Spaceflight, 1, 216-9 (Jan., 1958). 


New Scientist, 2 (28), 
New Scien- 


New Scientist, 


(899) R a Regge ee ge a 
descent space-ships. L. Chincarini. Astronautica, 6 (1), 
26-8 (Jan.-Feb., ane (in Italian.) 

(900) Mass of the Moon from satellite observations. W. J. 
Gallagher. Science, 128, 8. 1207 (14 Nov., 1958). Letter. Out- 
lines method. (2 refs.) 


.8 Meteors 

(901) Meteorites and their part in the cosmogony of the solar 
system. V. G. Fesenkov. Astronomichekii Zhurnal, 33 (5), 
767-77 (1956). (in Russian.) 

(902) The meteoritic environment from direct measurements. 
M. Dubin. 10th Internat. Astronaut. Congr., 4 pp. (1959). A 
summary of data obtained in micrometeoritic measurements 
made with sounding rockets, satellites and space probes over 
the period 1949-1958. There are still discrepancies that require 
clarification and much work remains to be done on both the 
calibration of sensor systems and the acquisition of data for 
mapping the distribution of matter in interplanetary space. 


(903) The meteorite danger in astronautics. N. Boneff. 10rh 
Internat. Astronaut. Congr., 4 pp. (1959). (in French.) Advances 
the hypothesis that the circular shape of the planet Mercury is 
an indication that space is relatively free from meteoritic aaa 


(904) Report of the Seventh Conference on Meteorites 
D’yakonova. Astronomicheskii Zhurnal, 34 (1), 141-4 C1987). 
(In Russian.) 

(905) The distribution in duration of meteor radio echoes 
E. I. Fialko. Astronomicheskii Zhurnal, 34 (2), 241-6 (1957). 
(In Russian.) 

(906) Problems in the physics of meteors. E. J. Opik. Amer. 
J. Phys., 26 (2), 70-80 (Feb., 1958). A general review of the 
physics of meteors with information on recent developments. 
Methods of observation are discussed and the care necessary 
in interpretation stressed. Deduces that nickel-iron forms an 
insignificant part of the total population, and describes systematic 
pee in correlating meteor decelerations with atmospheric 
lensity. 





2—PHYSICS 


.| General 
[See also abstract no. 1056.] 


(907) How do space men age? T. Margerison. New Scientist, 
1 (8), 37-8 (10 Jan., 1957). The problems posed by the effect 
of relativity on time observed from fixed and moving points. 


2 Gravitation 


(908) Nonexistence of gravity shields. 
124, 1292 (1956). (2 refs.) 

(909) Papers from the conference on the role of gravitation in 
physics held at the University of North Carolina, Chapel Hill, 
North Carolina, January 18-23, 1957. Revs. Mod. Phys., 29 ©). 
351-546 (July, 1957). Comprising: Introductory note. B. S. 
Witt, 351; Summary of the Chapel Hill conference. P. G. — 
mann, 352-4; Principle of equivalence and weak interactions. R. 
H. Dicke, 355-62; Gravitation without a principle of equivalence. 
R. H. Dicke, 363-76; Dynamical theory in curved spaces. I. A. 
review of the classical and quantum action principles. B. S. De 
Witt, 377-97; Equations of motion in general relativity theory and 
the action principle. L. Infeld, 398-411; C lence in the 
generalized theory of gravitation. B. Kursunoglu, 412- 6; General 
relativity and the divergence problem in quantum field 

S. Deser, 417-22; Negative mass in general relativity. H. Bondi, 
423-8; Gravitational field of an axially symmetric system in first 
approximation. N. Rosen and H. Shamir, 429-31; Dynamics 
of a lattice universe by the Schwarzschild-Cell method. R. W. 
Lindquist and J. A. Wheeler, 432-42; Observables in — 
theories by systematic approximation. E. Newman and P. G. 
Bergmann, 443-9; Transformation groups in a Q-number con- 
figuration space. I. Goldberg, 450-1; Remark on cosmological 
models. R. W. Bass and L. Witten, 452-3; “Relative state” 
formulation of quantum mechanics. H. Everett, III, 454-62; 
Assessment of Everett's ‘Relative state’ formulation of quantum 
theory. J. A. Wheeler, 463-4; Interaction of neutrinos and gravi- 
tational fields. D. R. Brill and J. A. Wheeler, 465-79; Thermal 
geons. E. A. Power and J. A. Wheeler, 480-95; Linear and 
toroidal geons. F. J. Ernst, Jnr., 496; Feynman quantization 


D. C. Peaslee. Science, 


of general relativity. C. W. Misner, 497-508; Reality of the 
cylindrical gravitational waves of Einstein and Rosen. J. Weber 
and J. A. Wheeler, 509-15; On the question of a neutrino analog 
to electric charge. J. Klander and J. A. Wheeler, 516-7; Quanti- 
zation of the a" fields of electrons, 

= _: F. J. Belinfante, D. I. Caplan and W. L. Kennedy, 


.5 Heat and Thermodynamics 


(910) On the application of solar power in spaceflight. K. A. 
Ehricke. Proc. VII Internat. Astronaut. Congr., 450-506 (1956). 
(19 refs.) 

(911) On turbulent heat transfer through a highly cooled partially 
dissociated boundary layer. R. F. Probstein, M. C. Adams and 
P. H. Rose. Jet ee 28, 56-8 (Jan., 1958). (5 op 
(912) Photographic pyrometry of rocket exhaust jets: 

t of temperature aT ee eae aie 
of results. F.S. Simmons and A. G. DeBell. Aircraft Engng., 
31 (363), 144-146 (May, 1959). Photographic technique for 
determining temperature in luminous exhaust jets: some recent 
refinements in the reduction and analysis of the film records are 
described in detail. Comparison of experimental results with 
theoreticai values based on measurements of chamber pressure, 
propellent mixture ratio and engine dimensions. Use of the 
method in studying expansion processes in rocket nozzles. 


.6 Electricity and Magnetism 

(913) The . G. M. Giannini. Sci. Amer., 197 (2), 
80-8 (Aug., 1957). Magnetohydrodynamic effects in an electric 
arc generate a beam of electrons and ions with a Mg oe of 
30,000° F. (~ 16,500° C.), the highest maintained beyond an 
instant by a man-made device. 

(914) age a menage a is an old field with new ne 8 
tions for . W. Mcllroy. Soc. Automot. Engrs. J., 
66 (4), 90-3 (Apr., 1958). Discusses applications to nuclear 
fusion reactors, missile re-entry problems and plasma rockets. 
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(915) Magnetohydrodynamics and its application to propulsion 
and re-entry. R. X. Meyer. 10th Internat. Astronaut. Congr., 
11 pp. (1959). After reviewing some of the basic concepts of 
magnetohydrodynamics and its application to the acceleration 
of plasmas to high velocities and to reducing aerodynamic 
heating during re-entry, develops the theory of the Newtonian 
approximation to magnetohydrodynamic flow. Results are 
presented for magnetohydrodynamic flow in the shock layer 
of a re-entry body, and a similarity solution of the resulting 
equations is obtained for a circular cone in the case of finite 
and variable electrical conductivity. 


(916) Unsteady o> ag magnetic laminar boundary 
layers in h flow. P. S. Lykoudis and J. P. Schmitt. 
10th Internat. Astronaut. Congr., 15 pp. (1959). The unsteady 


hypersonic flow of a compressible, viscous, thermally and elec- 
trically conducting fluid in the presence of a magnetic field is 
considered. It is assumed that the velocity at the edge of the 
boundary layer varies hyperbolically with time. Under reason- 
able restrictions the equations of conservation of mass, energy 
and momentum can be brought into similarity form, and an 
approximate transformation enables their solution to be reduced 
to that of the known non-magnetic steady case. The steady-rate 
solutions are found to be good approximations for results obtained 
by integration of the basic equations with an electronic analogue 
computer. The quantities computed were velocity and enthalpy 
profiles, wall shear and heat transfer rates, for various decelera- 
tions and magnetic field intensities. 


-7 Cosmic Radiation 

(917) The composition of the primary cosmic rays. V. L. 
Ginzburg and M. I. Fradkin. Astronomicheskii Zhurnal, 33 (4), 
579-87 (1956). (Jn Russian.) 

(918) On fast corpuscules of the upper atmosphere. V. I. 
Krassovskii, I. S. Shklovskii, G. I. Galperin and E. M. Svetlitskii. 
10th Internat. Astronaut. Congr., 6 pp. (1959). Results of an 
experiment for the detection of soft electrons in the upper 
atmosphere, made with Sputnik III. Singer’s hypothesis for the 
genesis of the van Allen bands in the upper atmosphere does not 
explain the observed electron flux. 


.8 Other Upper Atmosphere Phenomena 
[See also abstracts nos. 890, 1056 and 1131] 


(919) The problem of the zodiacal light in connection with the 
International Geophysical Year. V. G. Fesenkov and N. B. 
Divari. Astronomicheskii Zhurnal, 33 (3), 391 (1956). (n 
Russian.) 

(920) Some optical gee ae of the recombination of oxygen 
in the upper atmosphere. I. Krassovskii. Astronomicheskii 
Zhurnal, 33 (4), 605-13 1936), (In Russian.) 

(921) The electron component of the zodiacal light. G. M. 
Nikol’skii. Astronomicheskii Zhurnal, 33 (3), 410-3 (1956). 
(In Russian.) 

(922) The infra-red spectrum of the northern night sky from 
9500 to 11500 A. N. I. Fedorova. Astronomicheskii Zhurnal, 
34 (2), 247-9 (1957). (In Russian.) 


(923) Observations of hydrogen emission in the aurora. Yu. |. 
Gal’perin. Astronomicheskii Zhurnal, 34 (1), 131-4 (1957). 
(In Russian.) 


(924) An exploration of the upper air. J. Lear. New Scientist, 
1 (13), 21-2 (14 Feb., 1957). Eye-witness account of launch and 
description of dissociated nitrogen detection experiment with 
an Aerobee rocket. 


(925) lonospheric scintillation of satellite signals. H. P. 
Hutchinson and P. R. Arend. 10th Internat. Astronaut. Congr., 
6 pp. (1959). Doppler-shift frequency and radio-direction- 
finding measurements of short-time variations of satellite- 
emitted radio signals from Sputnik III and Vanguard I. These 
variations are believed to afford a good measure of the roughness 
or inhomogenity of the ionosphere. 


(926) Beyond the ionosphere. J. Lear. 
23 (27 June, 1957). 


New Scientist, 2 (32), 


(927) N.B.S. participation in the International Geophysical 
Year. Nat. Bur. Stand. Tech. News Bull., 41 (9), 136-40 (Sept., 
1957). An account of the fields in which the National Bureau 


of Standards was active in the I.G.Y., mainly in connection with 
the ionosphere. 


(928) Investigation of the upper layers of the atmosphere by 


means of rockets and artificial satellites. E.K. Fedorov. Priroda, 
9, 3-12 (Sept., 1957). (in Russian.) 
(929) I.G.Y. data adds to Earth, space theories. J. A. Fusca. 


Aviation Wk., 68 (5), 75—6 (3 Feb., 1958). Collected information 
from various sources on the conditions in the upper atmosphere 
and near space. 


(930) Charting physical properties of the atmosphere. 
and Rockets, 3 (4), 139-142 (April, 1958). 


Missiles 


(931) The CARDE I.G.Y. upper air research program. R. F. 
Chinnick. Engng. J., Montreal, 41 (8), 61-7 (Aug., 1958). 
Measurement of night air glow with Nike-Cajun rockets. Design 


of equipment, techniques and packaging of electronic equipment. 
(8 refs.) 


(932) Experimental technique in studying atmospheric turbulence. 
R. N. Wolfe, C. A. Morrison and H. R. Condit. J. Opt. Soc. 
Amer., 49 (8), 829-830 (Aug., 1959). 


(933) Solar spectral irradiance and vertical atmospheric attenu- 
ation in the visible and ultra-violet. L. Dunkelman and R. Scolnik. 
J. Opt. Soc. Amer., 49 (4), 356-367 (April, 1959). Measurements 
taken on Mount Lemmon, Arizona, October, 1951, are reported 
and shown to be in good agreement with direct measurement 
from a rocket obtained by Purcell and Tousey in 1954, and with 
other work. 


(934) Energy distribution in the polar aurorae in the region 


3900-8700 A. 1. G. Frishman. Optika i Spektroscopiya, 6 (3), 
323-328 (March, 1959) (In Russian.) Also available in English: 


3—CHEMISTRY AND MATERIALS 


.1 General 

(935) A Study of hypersonic ablation. Sinclaire M. Scala. 
10th Internat. Astronaut. Congr., 61 pp. (1959). An analysis 
of the behaviour to be expected during hypersonic flight from 
four different classes of ablating material (quartz-like refractory 
vaporizing oxide, graphite-like refractory, reinforced plastic, 
and thermoplastic resin) indicated that there was probably no 
single best ablating material. The selection depends on the 
“type of application intended. Graphite will yield the most 
stable shape during hypersonic re-entry, but unless backed up 
by a lightweight thermal insulator the payload would be reduced. 
Reinforced plastic has a higher ablation rate but its thermal 
shielding characteristics can be notably better than graphite. 
For most materials the effective heat of ablati on increases almost 
linearly with stagnation enthalpy and tends to decrease with an 
increase in stagnation pressure. 

(936) Materials questions in jet engines with oscillating com- 
bustion. B.Langenecker. Proc. VII Inter nat. Astronaut. Congr., 
409-13 (1956). (Jn German.) (31 refs.) 


Optics and Spectroscopy, 6 (3), 208-210 (March, 1959). Results 
of photoelectric measurements made at Murmansk, 1954-57. 
(937) Materials build a new technology. W.C. Rous. Missiles 
and Rockets, 3 (3), 91-2, 95-6, 98, 100 (March, 1958). General 


review of missile materials, in particular those for high tempera- 

ture operation. 

038) 1958 missile materials review. A. J. Zaehringer and 
M. Nolan. Missiles and Rockets, 3 (3), 69-75 (March, 1958). 

Metals, plastics, ceramics, lubricants. 

(939) Materials for rocket engines. R. C. Kopituk. Metal 

Progr., 73 (6), 79-84 (June, 1958). Selection and fabrication of 

metals, cermets and ceramics for combustion chambers and 

injectors. 


.2 Chemistry 
(940) Frozen free radicals. C. M. Herzfeld and A. M. Bass. 
Sci. Amer., 196 (3), 90-102 (March, 1957). 
(941) Catalyst for parahydrogen preduction simplifies liquid 
hydrogen storage problem. Nat. Bur. Stand. Tech. News Bull., 
41 (10), 154-7 (Oct., 1957). 
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(942) Boron is a toxicity problem. Chem. Engng. News, 35 (48), 
54-5 (2 Dec., 1957). Risks of handling boron compounds. 
(943) Analytical chemistry and the satellite. D. I. Walter. 
Anal. Chem., 30 (4, Part I), 1SA-17A, 20A, 22A, 24A, 26A 
(April, 1958). Discusses semiconductor technology, corrosion 
and propellents in relation to satellites. 


.3 Metallurgy 
(944) A.M.C. goal: producible exotic materials. J. N. Dick. 
Amer. Aviation, 21 (20), 33 (24 Feb., 1958). Describes work to 
be undertaken by the Air Materiel Command to provide Be 
and other high temperature metals for structural use in high 
speed aircraft and space vehicles. 
(945) What materials will we need in 1970? Amer. Soc. Test. 
Mater. Bull. (240), 18-29 (Sept., 1959). Metals, plastics and 
ceramics developments expected or needed for spaceflight. 
Based on Sixth Annual Forecast of Trends and Requirements 
prepared by the Aerospace Industries Association. 
(946) Braun calls for new missile space alloys. W. von Braun. 
Amer. Metal Market, 66 (102), 1, 7, 8 (28 May, 1959). Summary 
of author’s Charles M. Schwab memorial lecture to American 
Iron and Steel Institute. 
(947) Heat-extractive brazed bimetals show promise for missile 
and industrial applications. R.C. Bertossa and S. Rau. Welding 
J., 38 (7), 273s—281s (July, 1959). Development of material 
for use as missile material, capable of resisting quick pressure 
build-up and short term exposure to temperatures up to and 
exceeding 2000°C. High-strength refractory metal shell (Ta) 
and inner layer of high-thermal-conductivity material (OFHC Cu) 
were selected and vacuum-brazed (Cu-8Sn, Au-18Ni, Ag-15Mn 
found to be the most satisfactory brazing alloys) since no single 
material could withstand the conditions. 
(948) Plating team holds down cost in tooling for nose cones. 
G. H. Cook and L. P. Vollmuth. Jron Age, 184 (7), 83-5 
(13 Aug., 1959). Process developed by General Electric Co. and 
Bart Manufacturing Co. for Ni-plating to size of Cu-base nose 
cones for Atlas and Thor missiles: plating thickness controlled 
within +-0-001 in. on all external surfaces by use of plastic shield; 
a special agitation system evacuated gas formations and promoted 
smoothness. 
(949) Alloyd revamps old process: updated vapour phase deposi- 
tion process yields tough coatings of chromium, tungsten and 
molybdenum. Chem. Engng. News, 37 (21), 50 (25 May, 1959). 
Developed by Alloyd Research Corp., Watertown, Mass., this 
modified chromizing process is suggested for coating graphite 
nozzles of rocket engines with heavy layers of Mo or W. 
(950) Effects of a meteoroid impact on steel and aluminium in 
space. R. L. Bjork. 10th Internat. Astronaut. Congr., 6 pp. 
(1959). Theoretical discussion of the formation of shock waves 
in one-dimensional collisions. Calculations have been made 
for the impact of small cylindrical projectiles of Fe and Al with 
targets of the same material at various velocities, and the results 
are given graphically. The available experimental data for 
impacts at 20,000—22,000 ft./sec. are in agreement with these 
results for both the shape and dimensions of the crater, even 
without the use of adjustable constants. Crater dimensions at 
high impact velocities computed on this model are considerably 
smaller than the estimates previously made, primarily because 
the latter were based on extrapolations from low-velocity experi- 
mental data. At high velocities, penetration increases with 
about the one-third power of velocity. 
(951) Aluminum: for missiles in production. D. Fabun. Méis- 
siles and Rockets, 3 (3), 85—7 (March, 1958). Survey of current 
applications. 
(952) Beryllium as a structural engineering material: new forging 
technique said to overcome bar to use of beryllium in spaceflight 
and missiles. R. W. Stoddard. Australasian Engr., 51, 77-8 
(July, 1959). 
(953) Beryllium achieves more lift for space age applications. 
Amer. Metal Market, 66 (114), 7 (12 June, 1959). Reports 
that Brush Beryllium of Cleveland is fabricating a 6-ft. dish of 
Be to act as a thermal shield behind the cockpit of NASA’s 
Mercury satellite. 
(954) Closed-die beryllium forgings give new aid to missile work. 
R. W. Stoddard. Amer. Metal Market, 66 (59), 1, 2 (27 March, 
1959). The first successful large closed-die forging of Be has 
been achieved at the Wyman-Gordon Co./U.S. Air Force plant 
at North Grafton, Mass. Future use in propulsion systems, 
missiles and space vehicles indicated. 


(955) A new steel for aircraft and missile honeycombs. A. G. 
Gilbraith. Amer. Soc. Test. Mater. Bull., (240), 51 (Sept., 1959). 
Properties of PH 15-7 Mo stainless steel developed by Armco 
Steel Corp. Available in conditions A (annealed) and C (cold- 
rolled), and can also be sub-zero hardened. 


(956) Welded stainless steel hollow core. M. Walter. Missiles 
and Rockets, 3 (3), 104-5, 107-8, 110 (March, 1958). A new 
high strength/weight ratio sandwich structure for missiles. 


(957) Recent advances in magnesium casting alloy technology. 
E. F. Emley. British Foundryman, 51 (10), 501-527 (Oct., 1958). 
Review. Discusses guided missile applications on pp. 524-5, 
mentioning use of alloys ZREI (in Skylark), AZ91 (Regulus 
and Cutlass), AZ91B (Falcon), and RZ5. (117 refs.) 


(958) Magnesium/lithium: new contender for lightweight cham- 
pion. D. F. Caldwell. Product Engng., 30 (42), 74-5 (12 Oct., 
1959). Properties and fabrication methods for a group of Mg 
alloys containing 13-20% Li, 1-6% Al. A change in resonant 
frequency can be obtained by substituting these alloys for Mg 
and this is claimed to be particularly useful in missile applications. 


(959) High-nickel airframe: use of Inconel X in the North 

American X-15. Aircraft Prodn., 21 (4), 122-6 (April, 1959). 
Uses of Inconel X (Ni—-15Cr—7Fe-— 2: 5Ti—1Al) in the X-—15 rocket 
research vehicle. Working, welding, machining, contour-etching, 
sheet forming and cleaning. 


(960) Rapid increase of use and production of sodium metal: 
uses in reactors and rockets. W. Schweisheimer. Australasian 
Engr., 50, 61-63 (Nov., 1957). Production and uses of Na; 
brief mention of use as an intermediate in the synthesis of 
high-energy boron fuels. 


(961) Welding titanium for missiles: a report of some American 
works practice. C. W. Handova. Sheet Metal Industries, 36 
(385), 359-60 (May, 1959). 


- Titanium alloys for air and spacecraft. W. L. Finlay, 

Vordahl and R. F. Malone. Met. Progr., 74 (3), 134, 
136, P38. 140, 142, 145 (Sept., 1958). Types of Ti alloy struc- 
tures; strength/weight ratios of various alloys (plastic creep-0-2 % 
in 500 hr.) at temperatures up to 1000° F. (540° C.) in comparison 
with steels; crippling strength of compressive elements. Ex- 
gp to formable-soft, ageable-strong beta alloy 
B120VCA 


(963) To check the “super” in superalloys . . . this test for 
oxidation resistance. R.Simenz. Prod. Engng., 30 ( 1). 48 50 
(27 April, 1959). The cross-section of a flat panel of the material 
is photographed after exposure at test temperature. Results 
for Hastelloy X, R235, Rene 41, Inconel X, D979, HA25 and 
Unitemp 212 at temperatures up to 2200° F. (1200° C.). 


4 Refractories 


(964) Structural ceramics on the way. Chem. Engng. News, 
35 (49), 60 (9 Dec., 1957). 


(965) Silicon nitride as a high temperature material. D. M. 
Rae. NRDC Buill., (15), 4-10 (Oct., 1959). Production, prop- 
erties (chemical, physical and mechanical) and results of service 
trials. Si,;N, is recommended for use for electrical insulators on 
rocket launching platforms (its thermal shock resistance is 
outstanding among refractories), for stator blades in gas turbines 
and other applications. This article is based on A.M.L. Rept. No. 
A/75(s), by N. L. Parr, G. F. Martin and E. R. W. May. 


5 Plastics 


(966) Plastics in the space age. J. H. Lux. J. Franklin Inst., 
266, 21-6 (July, 1958) Plastics for high temperatures. 


(967) Laminates for space flight. T. A. Dickinson. Plastics, 
23 (246), 110 (March, 1958). Claims that Astrolite (glass fabric 
laminae bonded with a phenolic resin), manufactured by H. I. 
Thompson Fiber Glass Co., Los Angeles, would be more suitable 
than conventional ceramic nose cones in withstanding re-entry 
conditions. Results of burn-through tests given. 


(968) Practical QR for plastic tools in the aircraft and 
missile industry. A. M. Fullarton. Amer. Soc. Tool Engrs. 
Paper No. 227 (Oct., 1959). Summary in Tool Engr., 43 (4), 
118-122 (Oct., 1959). Use of plastics in tooling masters, 
mock-ups, patterns, drop hammer dies, drill shells, gauges, 
workholders, etc. 
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.6 Miscellaneous 

(969) Silicone applications in the missile industry. N. L. 
Baker. Missiles and Rockets, 3 (3), 118, 120, 122, 124, 126 
(March, 1958). 

(970) Adhesive-bond future challenged by 1000F uses. K. 
Buchele. Soc. Automot. Engrs. J., 66 (3), 46-7 (March, 1958). 
Discusses production techniques and prospects for adhesives 
in structural work. 

(971) Hydraulic fluids for supersonic aircraft and missiles. 


J. S. McClure. JIndustr. Engng. Chem., 51 (5), 57A-S8A (May, 
1959). Desirable characteristics; behaviour of various fluids. 


(972) Rubber-asbestos helps S-P rocket motors. Astrodyne, 
Inc. Product Engng., 30 (24), 32, 34 (15 June, 1958). Insulation 
for U.S. Navy solid rockets. 


(973) Catalyzed crystallization of glass in theory and practice. 
S. D. Stookey. Jndustr. Engng. Chem., 51 (7), 805-08 (July, 
1959). Includes data on Pyrocerams 9606 and 9608 (used for 
missile radomes) and Fotoceram 8603 (a photosensitive glass). 





4—BIOLOGY AND MEDICINE 


.1 General 
[See also abstracts nos. 1056 and 1083] 


(974) The problem of life on Mars. V. G. Fesenkov. Astro- 
nomicheskii Zhurnal, 33 (3), 440-3 (1956). (in Russian.) 


(975) The ecosphere in the solar planetary system. H. Strughold. 
Proc. VII Internat. Astronaut. Congr., 277-88 (1956). (12 refs.) 


(976) Hazards to life in space. N. Calder. New Scientist, 
2 (51), 19-20 (7 Nov., 1957). 


(977) On the question of extraterrestrial life. H. Faust. 
Weltraumfahrt, 9, 23-4 (March, 1958). (In German.) 

(978) Space medicine. P. Howard. Sci. News, (48), 114-28 
(May, 1958). 

(979) History of research in space biology and biodynamics at 
the Air Force Missile Development Center, 1946-1958. Hollo- 
man Air Force Base, New Mexico, 114 pp. (1959). 

(980) Reports on space medicine—1958. U.S. Air Force School 
of Aviation Medicine, Randolph Air Force Base, Texas (Feb., 1959). 


(981) The “‘Manhigh”’ sealed cabin atmosphere. D. G. Simons. 
J. Aviation Medicine, 30, 314-25 (May, 1959). (10 refs.) 


(982) Exotic atmospheres on Earth. H.Strughold. J. Aviation 
Medicine, 30, 311-4 (May, 1959). 

(983) Closed respiration-ventilation system for use with high 
altitude full pressure garment. R. G. Willis and S. C. White. 
J. Aviation Medicine, 30, 344-50 (May, 1959). 

(984) Cabin conditioning equipment for a manned satellite. 
G. Beardshall and P. W. Fitt. Commonw. Spaceflight Symp., 
23 pp. (1959). Briefly summarizes the basic requirements for 
an environment suitable for the occupants of a space vehicle, 
and the form of equipment necessary to provide these conditions. 
Existing liquid oxygen converters have certain shortcomings 
when considered for use in space travel; improved units are 
described. Oxygen pressure control and the problems of carbon 
dioxide and water vapour absorption are also discussed. 


(985) Prediction of man’s performance in space using flight 
simulators and balloon-borne systems. J. G. Vaeth. 10th 
Internat. Astronaut. Congr., 5 pp. (1959). The advantages and 
disadvantages of using man in space are enumerated. This 
paper proposes the development of advanced forms of ground- 
based flight simulators and the use of long-endurance high- 
altitude manned balloon flights to measure and determine the 
capability of man to perform in space. By comparing these 
measurements with corresponding data on the performance of 
automatic equipment it will be possible to specify and predict 
those tasks which can be better achieved by manned systems. 


(986) The sterilization of space vehicles to prevent extraterrestrial 
biological contamination. R.W. Davies and M. G. Comuntzis. 
10th Internat. Astronaut. Congr., 16 pp. (1959). The introduction 
of terrestrial micro-organisms might so distort the biology of 
Mars or Venus as to constitute a scientific catastrophe. It is 
feasible to sterilize probes in such a manner that loss of informa- 
tion to future investigators is minimized. This can be done with 
ethylene oxide, heat and radiation as sterilizing agents, accom- 
panied by the sterile assembly of special components. Pollution 
tolerance should be kept to 10* dead bacteria per missile, infection 
tolerance to less than 10~* live bacteria per missile for the planets, 
and less than 10-' for the Moon. 


.2 Botany 


(987) The cultivation of plants in extra-terrestrial conditions. 
>. Forni. Astronautica, 6, 84-6 (March-April, 1958). (In 
talian.) 


(988) Results of experiments on the biological effects of cosmic 
radiation on seeds of Hordeum (Gold Barley) Bonus 01518/B 
(Gustafsson) with special consideration of heavy primaries effects. 
J. Eugster and D. G. Simons. 10th Internat. Astronaut. Congr., 
4 pp. (1959). Effect on seeds of exposure to cosmic radiation 
during several flights at altitudes of 30,000-40,000 metres for 
average period of 32 hr. The offspring of three seeds which 
suffered diect hits from heavy primaries showed colour mutations. 


-3 Zoology 


(989) Miulti-directional g-Protection during 
runs. H. J. von Beckh. 10th Internat. Astronaut. Congr., 
(1959). To test the g-protection principle involved in author’s 
design for an anti-g capsule, rocket sled tests have been carried 
out on rats, one animal being attached to a pivoted triangle of 
aluminium sheet, and a control animal being tied down in an 
immovable wire cage. 


(990) Biomedical system gives data on space mice. Elect. 
Engng., N.Y., 78 (9), 976 (Sept., 1959). Equipment built by 
Consolidated Avionics Corp. division of Consolidated Diesel 
Electric Corp. for processing telemetry signals received from 
mice aboard Discoverer III. 


(991) Observations on small primates in space flight. A. 
Graybiel, J. H. McNinch and R. H. Holmes. 10th Internat. 
Astronaut. Congr., 14 pp. (1959). A report on experimental 
flights of monkeys in space. On 13 December, 1958, a squirrel 
monkey weighing 350 g. (“Old Reliable”) travelled 1300 miles 
in less than } hr. in the nose cone of a Jupiter C missile. The 
vehicle was not recovered, but the condition of the animal 
remained good during the count-down period of 7 hr., the accel- 
eration (12 g) during take-off, the sudden transition to sub- 
gravity, the period of near zero-gravity and the initial period of 
re-entry. However, another monkey in a bio-pack prepared 
as a spare for the flight but unused died before the missile left 
the launching pad, indicating the desirability of reducing the 
waiting period. On 28 May, 1959, a female Rhesus monkey 
(“Able”) weighing 2-72 kg., and a 300-g. squirrel monkey 
(“Baker”) were successfully recovered after a similar flight. In 
this case the animals survived count-down periods of 3 days and 
63 hr., respectively, the periods being different because of 
different positions in the nose cone. Physiological data obtained 
are reported. The amount of information obtained seems small 
in comparison with the time and effort expended, but the natural 
desire to obtain as much information as possible from a single 
subject must be resisted because all may be lost if the animal is 
over-stressed. 

(992) Animals in space. G. Walter. Science et Vie, (493), 
99-103 (Oct., 1958). (In French.) Rocket and satellite tests 
on animals. 


experimental sled 


.4 Anatomy and Physiology 
[See also abstract no. 1056] 
(993) Personal experiences during short periods of weightlessness 
reported by sixteen subjects. S. J. Gerathewohl. Proc. Vil 
Internat. Astronaut. Congr., 313-34 (1956). (24 refs.) 


(994) Behaviour of the motor co-ordination in subjects under- 
going values of acceleration varying from 3 to 0 g. T. Lomonaco, 
M. Strollo and L. Fabris. Proc. VII Internat. Astronaut. Congr., 
825-39 (1956). (dn Italian.) 

(995) On the technical realization of subgravity and weight- 
lessness. O. Wolczek. 10th Internat. Astronaut. Congr., 8 pp. 
(1959). A proposal is made for the construction of vertical 
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centrifuges to produce subgravity conditions for periods of some 
hours. It is suggested that the capsule could be tossed from 
one centrifuge to another, utilizing the same part of the path 
in each case. 

(996) Weightlessness crucial spaceman factor. R. Hawkes. 
Aviation Wk., 68 (5), 50-7 (3 Feb. 1958). Discussion of the 
performance ‘of space crews, with description of Man-High 
balloon project. 

(997) The duration of tolerance to positive acceleration. H. 
Miller, M. B. Riley, S. Bondurant and E. P. Hiatt. J. Aviation 
Medicine, 30, 360-6 (May, 1959). (10 refs.) 

(998) The mechanism of the biological action of cosmic and 
nuclear radiation. G. Botti. Astronautica, 6, 75-9 (March- 
April, 1958). (dn Italian.) 

(999) Biological effects of primary cosmic radiation. D. G. 
Simons. Proc. VII Internat. Astronaut. Congr., 381-400 (1956). 
(15 refs.) 

(1000) Astronautical physiology. A. E. Slater. Aeroplane, 
91, 518-9 (5 Oct., 1956). Report of papers from the seventh 
LA.F. Congress in Rome. 

(1001) The “green” areas of Mars and colour vision. I. Schmidt. 
10th Internat. Astronaut. Congr., 9 pp. (1959). The appearance 
of the “‘green” areas of Mars is discussed from the standpoint 
of visual physiology. Laboratory experiments using coloured 
papers to simulate the light and dark areas indicate that the 
green may be due to a contrast phenomenon. A method for 
reducing contrast development is indicated which may help in 
deciding about the real nature of the green areas. 


(1002) Progress report. Skin excretions. Part of report on 
the engineering biotechnology of handling wastes resulting from a 
closed ecological system. W. T. Ingram. U.S.A.F. Office of 
Scientific Research Rept. No. 58-270, 8 pp. (Oct., 1957). 


(1003) Toxicity of high-energy fuels poses hazards for handlers. 
W. H. Schecter. Missiles and Rockets, 3 (4), 85- “6 (April, 1958) 


(1004) Internal dangers threat space. A. J. Zaehringer. 
Missiles and Rockets, 3 (4), 82" wm 1958). Toxicity of 
propellents and constructional materials. 

(1005) Survival limits in closed cabins during interplanetary 
travel. F. Violette, H. Boiteau and S. Bernard. 10th /nternat. 
Astronaut. Congr., 15 pp. (1959) (in French). Investigation of 
possibilities of operating a closed biological cycle during pro- 
longed space voyages. The problem is now solved for the O 
supply and CO, elimination, but re-utilization of N, P, S and 
trace metals requires further investigation. 


hy Pathology 
(1006) The pathology of boredom. W. Heron. Sci. Amer., 
196 (1), 52-6 (Jan., 1957). 


.7 Psychology 
ag. The psychologist’s contribution high speed flight 
. A. Burrows. New Scientist, 2 (31), 156 (20 June, 1957). 
Giles How to keep space crews content. D. N. Michael. 
Missiles and Rockets, 3 1. 110, 112-4 (April, 1958). 


(1009) Psychological stress in space travel. A. Burrows. New 
Scientist, 3 (75), 12-14 (24 ApHil, 1958). Discusses the effects 
of close confinement, monotony and a stress on space 
crews, and work in progress to minimize them 


— Reactions of a balloon crew in a controlled environment. 
D. Ross. J. Aviation Medicine, 30, 326-33 (May, 1959). 
ar 19 refs.) 
(1011) Personnel selection and training for space flight. D. 
Flickinger. 10th Internat. Astronaut. Congr., 15 pp. (1959). 
Recruitment and training of crews for manned orbital flight, the 
major part of the paper being devoted to an account of the psycho- 
physiological stress testing procedures adopted to ensure that 
pilots are capable of performing the missions without significant 
performance decrement or irreversible injury. 





5—AVIATION AND AERODYNAMICS 


.2 Aerodynamics 
[See also abstracts nos. 914-916] 


(1012) Heating problems of entry into planetary atmospheres. 
D. J. Shapland. Commonw. Spaceflight Symp., 48. pp. (1959). 
The physics of hypersonic heat transfer, and the development 
of approximate relationships for heat transfer during entry of 
a body into a planetary atmosphere. These equations have 
been used to estimate maximum heat transfer during entry into 
the atmospheres of Earth, Mars and Venus. Entry vehicles can 
be classified into four categories, depending on lift and drag 
characteristics, and typical shapes are suggested for each category. 
More detailed heating calculations are given for possible entry 
trajectories. Methods of dealing with the heating effects are 
reviewed and their relevance to the various vehicles is discussed. 
The scope for future research in heat transfer, hypersonic 
aerodynamics, metallurgy, etc., is indicated. 


(1013) The recovery of Earth satellites. D. E. Bailey. Com- 
monw. Spaceflight Symp., 34 pp. (1959), Advantages of recover- 
ing satellites and near-satellite test vehicles; the main problems 
of re-entry and recovery are the human and instrumental limits 
of deceleration and heating. Trajectories for four classes of 
re-entry configuration are considered in detail: (a) a ballistic 
vehicle, (6) a ballistic vehicle with high drag parachutes, (c) a 
near-ballistic vehicle with low lift, and (d) a winged vehicle with 
high lift. Some proposed designs are mentioned briefly. 
(1014) Skin bse ye during re-entry of satellite vehicles to the 
atmosphere. T.R.F. Nonweiler. Proc. VII Internat. Astronaut. 
Congr., 841-53 (1956). (6 refs.) 

(1015) Surface protection and cooling systems for high-speed 
flight. D. J. Masson and C. Gazley. Aero. Engng. Rev., 
15 (11), 46-55 (Nov., 1956). (13 refs.) 

(1016) On the heating of rocket vehicles entering into the Earth's 
atmosphere. W. Strubell. Astronautica Acta, 4, 182-7 (1958). 
(In German.) (13 refs.) 

(1017) The temperature history in a thick skin subjected to 


laminar heating during entry into the a G. W. Sutton. 
Jet Propulsion, 28, 40-5 (Jan., 1958). (7 refs.) Mathematical. 


S. derives a single dimensionless curve giving the max. surface 
temp. in terms of the entry trajectory, wall thickness, and thermal 
properties of the metal. The performance of Cu, W, Mo and 
graphite is compared; W is capable of absorbing the greatest 
amount of heat. 


(1018) Criteria for orbital entry. 
28, 54-5 (Jan., 1958). (2 refs.) 


(1019) On the corridor and associated trajectory accuracy for 
entry of manned spacecraft into planetary atmospheres. D. R. 
Chapman. 10th Internat. Astronaut. Congr., 15 pp. (1959). A 
general analysis to determine the entry corridor for manned 
spacecraft within which the deceleration is sufficient to complete 
entry without being physiologically excessive. A dimensionless 
parameter coupling the aerodynamic characteristics of the 
vehicle with certain planetary characteristics at the perigee 
altitude is employed. The altitude of the entry corridor is 
strongly dependent on the vehicle mass, size and drag coefficient, 
but the corridor width is independent of them. Illustrative 
calculations show that the corridor width for vehicles with aero- 
dynamic lift is much greater than that for non-lifting vehicles 
in the case of the atmospheres of Earth, Venus and Jupiter, 
but not those of Mars or Titan. Guidance requirements on 
accuracy of velocity and flight-path angle as determined by the 
corridor width are compared with those for putting a vehicle 
into orbit, for hitting the Moon from the Earth and for I.C.B.M. 
accuracy. 


(1020) Re-entry paths for manned satellites. W. F. Hilton. 
10th Internat. Astronaut. Congr., 13 pp. (1959). Tables for the 
retro-rocket braking required at apogee to decrease the perigee 
height of a satellite by a fixed amount. In the case of manned 
flight it is desirable to have a note height of about 80 miles 
to ensure ultimate re-entry even if the retro-rocket cannot be 
operated. Aerodynamic drag is essential at orbital speed in 
initiating re-entry; it does not help to sustain the vehicle, but 
causes the axis of the elliptic orbit to rotate about the Earth. 
At sub-orbital speeds, lift plays a vital part in sustaining the 
vehicle and increases the time of flight and time available for 
radiative dissipation of heat while decreasing the deceleration 


L. G. Vargo. Jet Propulsion, 
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to less than 2g. In the author’s opinion, “high drag plus high 
lift’ vehicles will be used for manned re-entry, and “high drag, 
zero-lift’’ vehicles will be reserved for simple unmanned re-entry 
or very early manned flights. A lifting re-entry gives the pilot 
the possibility of landing anywhere over a large area of the Earth’s 
surface. A number of re-entry paths have been computed. 


(1021) A guide to rocketry: 6. The re-entry problem. G. V. E. 
Thompson. New Scientist, 3 (65), 35-7 (13 Feb., 1958). The 
effects of re-entry conditions and methods of studying and 
solving the problems raised. 


(1022) Measurement of Jupiter re-entry radiation. D.W. Wood- 
bridge and W. N. Arnquist. 10th Internat. Astronaut. Congr., 
9 pp. (1959). The radiation emitted by the booster of a Jupiter 
rocket as it returned to Earth showed characteristic spectrographic 
lines, such as those from alumina and Na, and the strong atmos- 
pheric absorption due to water vapour. Radiation is also re- 
ceived from an intermediate instrument compartment and the 
nose cone, but that from the booster predominates because of 
its size. Re-entry velocities begin at about Mach 14, corre- 
sponding to an adiabatic shock front temperature of nearly 
4000° K., but the actual temperature behind this front is between 
2000° and 2500° K., because of the effects of radiation and heat 
—— Plans for future tests (Operation Gaslight) are 
outlined. 


(1023) The drag brake manned satellite system. R. W. Detra, 
A. R. Kantrowitz, F. R. Riddell and P. H. Rose. 10th Internat. 
Astronaut. Congr., 24 pp. (1959). The manned satellite designs 
which have been most frequently proposed have been extrapola- 
tions either of aircraft or of missile nose cones. This paper 
presents a new approach to the design, the central feature being 
a variable-area drag brake. This is an umbrella-like structure 
with a skin of wire mesh overlaid with stainless-steel strips over- 
lapping each other like the shingles of a roof. Opening and 
closing the structure in orbit results in a 20: 1 drag variation. 
Controlled variation of the drag permits landing at a pre-selected 
point with an accuracy of 150 nautical miles. The drag brake 
could be tested in full scale on existing “‘Turbo-cat’” ground 
facility. A central capsule is provided for the human passenger, 
who enters it through a central hatch at the top with the drag 
brake in an open position on a pre-flight stand. 


(1024) Re-entry of ballistic missiles. Aeroplane, 94, 298-9 
(28 Feb., 1958). Review of N.A.C.A. Tech. Note 4047 and 
N.A.C.A. Tech. Note 4048. 


(1025) Entering the atmosphere. T. R. F. Nonweiler. Space- 
flight, 1, 238-40 (April, 1948). 


(1026) On progressive waves of gas dynamics equations. Yu. Ya. 
Pogodin, V. A. Suchkov and N. N. Yanenko. Doklady Akad. 
Nauk S.S.S.R., 119 (3), 443-5 (21 March, 1958). (in Russian.) 
Mathematical. 


(1027) Spectrographic investigation of the state of a gas behind 
a shockwave. I. N. N. Sobolev, A. V. Potapov, V. F. Kitaeva, 
F. S. Faizullov, V. N. Aliamovskii, E. T. Antropov and I. L. 
Isaev. Optika i Spektroscopiya, 6 (3), 284-97 (March, 1959). 
(In Russian.); also available in English in Optics and Spectroscopy, 
6 (3), 185-192 (March, 1959). Experiments to determine the 
air or nitrogen temperature behind a shockwave. Various 
methods proved unsuitable, that of spectral line reversal being 
preferred. 


.3 Rocket-Propelled Aircraft 


(1028) On the flight path of a hypervelocity glider boosted by 
rockets. A. Miele. 10th Internat. Astronaut. Congr., 13 pp. 
(1959). Investigates the flight of a hypervelocity vehicle operating 
along an “equilibrium trajectory”— a trajectory such that the 
weight is balanced by the aerodynamic lift plus that portion of 
the “‘centrifugal force’’ which is due to the curvature of the Earth. 
If the final velocity is sufficiently low, the path which maximizes 
the range includes an initial sub-arc such that all the propellent 
mass is expended at the maximum burning rate of the engine, 
and a final sub-arc in which the hypervelocity glider coasts at 
variable altitude and in such a way that for each instantaneous 
velocity the aerodynamic drag is a minimum. These conclusions 
are limited to the cruising portion of the flight path; they are also 
applicable only to glide paths and not to skipping paths. 


(1029) Rocket assisted Skeeter. Aeroplane, 91, 694 (9 Nov., 
1956). 


(1030) Dornberger’s rocket-driven commercial airliner. O. 
— Astronautik, 1, 37-44 (1958). (in Swedish.) 
ref.) 


(1031) How X-15 will double man’s Mach number. Aviation 

Wk., 68 (5), 26-8 (3 Feb., 1958). Description of the aircraft 

and the development problems arising. X-15 should have 

ang! to reach 200-300-mile altitudes and speeds of Mach 
to 7. 


(1032) More about the X-15. Flight, 73, 196-7 (14 Feb., 1958). 


(1033) Radical configurations may find role in push towards 
space flight. J.S. Butz. Aviation Wk. 68 (8), 48-53 (24 Feb., 
es Discussion of configurations suitable for hypersonic 
aircraft. 


(1034) X-15: explorer of the outer atmosphere. Flight, 73, 744 
(30 May, 1958). Picture and short description. 


(1035) Suggest upgrading transport as role for rocket 
engine. J. Meyer. Prod. Engng., 30 (18), 18 (4 May, 1959). 
Suggests use of Rocketdyne engines as auxiliary propulsion units 
for commercial aircraft. 


(1036) [Rocket-type] combuster blast hits new power peak. 
Chem. Engng., 66 (15), 70 (27 July, 1959). Use of rocket-type 
engine with downstream water-injection to power steam catapult 
for naval aircraft launching. 


.4 Test Facilities 


(1037) Experimental hyperballistics. H.H. Kurzweg and R. E 
Wilson. Aero. Engng. Rev., 15 (12), 32-8 (Dec., 1956). The 
use of shock tubes and wind tunnels for hypersonic research. 
(5 refs.) 


(1038) NACA hypersonic rocket and high-temperature jet 
facilities. P. E. Purser and A. C. Bond. NATO, AGARD 
Rept. 140, 15 pp: (July, 1957). Discusses the extension of the 
rocket-model research to hypersonic speeds and describes briefly 
several high-temperature jet facilities for research on structures 
and materials. 


(1039) SwRI builds high thermal flux unit. Chem. Engng. 
News, 35 (49), 68 (9 Dec., 1957). Southwest Research Institute 
instal a carbon arc heat source for research into high-temperature 
materials, e.g., for missile re-entry. 


(1040) NACA wind tunnel nears Mach 50. Aviation Wk., 68 (8), 
34-5 (24 Feb., 1958). Description of Hotshot II arc-driven tunnel 
which gives 32,000 m.p.h. airflow for 0-01 sec. in a 50 in. dia. 
working section. 


(1041) Aveo duplicates interplanetary shock waves, may assist 
space travel weather forecasts. Prod. Engng., 30 (22), 23 (1 June, 
1959). Electric shock tube to produce gas velocities > 1,000,000 
m.p.h. 


(1042) Laboratory experimental studies in re-entry aerothermo- 
dynamics. W. R. Warren. 10th Internat. Astronaut. Congr., 
38 pp. (1959). Types of laboratory test facilities being used to 
study problems in re-entry aerothermodynamics are briefly 
reviewed and detailed performance characteristics are presented 
for two high enthalpy test devices—the shock tunnel and the 
air arc facility. Examples of experimental data obtained at the 
Missile and Space Vehicle Department of the General Electric 
Co., U.S.A., in the 6-in. shock tunnel and in several arc-heated 
facilities (including a 2500 kW. unit) are given. Possible future 
developments of both types are indicated, including a preliminary 
design for a 1-2 MW. arc wind tunnel with a 1 ft.- test section 
capable of running for over 10 min. The test flow Mach number 
will be between 5 and 8, and the atmospheric velocity simulation 
in terms of test gas stagnation enthalpy will be in excess of 
20,000 ft./sec. 


(1043) Twenty miles high—and never off the ground. Crane 
Valve World, 55 (1), 2-7 (1957). Facilities available at the 
U.S.A.F.’s Arnold Engineering Development Center at Tull- 
homa, Tennessee. Static testing of turbojets, turboprops, 
ramjets, aircraft and guided missiles under simulated flight 
conditions up to 20 miles high. 
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6—ASTRONAUTICS 


-1 General 

[See also abstracts nos. 1207 and 1215] 
(1044) Britain's place in interplanetary exploration. J. E. Allen. 
Commonw. Spaceflight Symp., 52 pp. (1959). A comprehensive 
review of the existing British space research programme and 
comparison with those of other countries. An analysis of poss- 
ible developments of this programme and of organizational aspects 
leads to recommendations for future action, including: (a) the 
creation of a Spaceflight Research Association, (6) the institution 
of relatively inexpensive hypersonic flight experiments, followed 
by other experiments of aeronautical interest, (c) treating 1960 
as a Commonwealth Spaceflight Year to stimulate understanding 
of spaceflight and the discussion of possible activities, (d) emphasis 
on spaceflight at the 1960 British Association meeting, (e) col- 
laboration with U.S., AGARD and other bodies, (/) professional 
appraisals of the numerous technical, financial and industrial 
problems. 
(1045) The economics of space flight. D. W. Morley. Com- 
monw. Spaceflight Symp., 18 pp. (1959). Cost estimates are given 
for various manned spaceflight projects that have been advanced 
in the literature, and are compared with current U.S. expenditure 
on missiles, space research, aeronautics, etc. The economics of 
U.S. Project Nova for manned flight to the Moon and back, 
Goodyear Aircraft Corp’s Project Meteor manned space- 
station, and nuclear rocket development are considered in more 
detail. The British Commonwealth is economically capable of 
carrying out even relatively large space experiments providing 
it acts as a body and not as a series of poorly co-ordinated units; 
simplicity, reliability and utilization of existing facilities are 
essential. 
(1046) Global aspects of the exploration of spa & 
Dryden. 10th Internat. Astronaut. Congr., 6 pp. w359) "The 
present stage of development of vehicles for space exploration 
corresponds to some degree to that of the airplane in 1905. The 
programme of the U.S. National Aeronautics and Space Adminis- 
tration in the fields of space sicence research, applications of 
Earth satellites, manned exploration of space, and vehicle de- 
velopment are reviewed. International co-operation in space 
exploration is desirable, particularly as regards exchange of 
information, exchanges of scientists, co-ordination of national 
programmes and institution of co-operative programmes. 
(1047) Some remarks on the question of step-rockets. R. Engel. 
Proc. VII Internat. Astronaut. Congr., 115-44 (1956). (in 
German.) (20 refs.) 
(1048) The astronautical calendar in outline. J. Gadomski. 
Proc. VII Internat. Astronaut. Congr., 671-81 (1956). (in 
German.) 
(1049) The payload-ratios of small-thrust space-vehicles. M. 
Vertregt. Proc. VII Internat. Astronaut. Congr., 23-48 (1956). 
(4 refs.) 
(1050) Interplanetary Roman holiday. A. V. Cleaver. Aero- 
plane, 91, 483-4 (28 Sept., 1956). Report of the seventh I.A.F. 
Congress. 
(1051) Rocketeers at Rome. A. V. Cleaver. Aeroplane, 91, 
517-8 (5 Oct., 1956). Report of the seventh I.A.F. Congress. 
(1052) Missiles, rockets and space flight. W. H. Pickering. 
Elect. Engng., N.Y., 76 (5), 449-59 (May, 1959). Reviews 
progress over last 25 years: history, propulsion, guidance and 
control, electromechanical devices, secondary power supplies, 
computers, instrumentation, etc. 
(1053) The 7th International Astronautical Congress in Rome. 
Interavia, 11 (12), 950-2 (Dec., 1956). 
(1054) Our century will see the birth of astronautics. G. A. 
Crocco. Interavia, 11 (12), 948-9 (Dec., 1956). 
(1055) Man into space. H. Oberth. 232 pp. 25s. Weidenfeld 
and Nicholson, London (1957). Book. 
(1056) A casebook on Soviet astronautics—Pt. II. F. J. Krieger. 
Rand. Corp. Research Memo. RM-1922 [ASTIA Document 
No. AD 133018), 203 pp. (21 June, 1957). A continuation of 
A casebook on Soviet astronautics. [See abs. No. 289, J.B.1.S., 
16, 439 (April-June, 1958)] containing translations of the follow- 
ing articles: Radioguided rockets. I. Kucherov. Radio, (8), 50-3 
(Aug., 1955). Atomic a of the future. G. Nesterenko. 
Kryl’ya Rodiny, (1), 12-14 (Jan., 1956). Atomic Engines. R. G. 
Perel’man. Nauka i Zhizn’, 23 (1), 26-32 (Jan., 1956). Tele- 
vision of the Future. V. Petrov. Radio, (6), 28-31 (June, 1956). 


Biological problems of interplanetary flights. I. S. Balakhovskii 
and V. B. Malkin. Priroda, 45 (8), 15-21 (Aug., 1956). Ex 
mental verification of the general of relativity and 

Earth satellites. V.L. Ginzburg. Priroda, 45 (9), 30-9 (Sept., 
1956). Concerning the for the K. E. Tsiolkovskii 
Gold Medal. Izvestia, (232), 4 (28 Sept., 1956). Rendezvous with 
Mars. K. Stanyukovich. News: a Soviet review of world events, 
25-6 (16 Oct., 1956). Before flight into the cosmos. V. V. Rozen- 
blatt. Nauka i Zhizn’, 23 (11), 25-8 (Noyv., 1956). Combustion, 
applied mechanics and space travel. L. Sedov. New Times, 
(47), 29-30 (15 Nov., 1956). Study of the wr atmosphere by 
means of rockets at the U.S.S.R. Academy Sciences. S. M. 
Polovskov and B. A. Mirtov. Paper presented at the Congres 
International des Fusées et Engins Guidés, Paris (3-8 Dec., 1956); 
also published in English in J/.B./.S., 1957-58, 16, 95. Study of 
the vital activity of animals during rocket flights into the upper 
atmosphere. A. V. Pokrovskii. Paper presented at the Congres 
Internationale des Fusées et Engins Guidés, Paris (3-8 Dec., 1956), 
also in Etudes Soviétiques (106), 65-70 (Jan., 1957) (In French). 
Cosmic boomerang. G. Chebotarev. Znanie-Sila, 32 (2), 28-9 
(Feb., 1957). Some questions on the dynamics 

Moon. V. A. Egorov. Doklady — Nauk S.S.S.R., 
113 (1), 46-9 (1 March. 1957). The problem of creating an arti- 
ficial Earth satellite. A. N. Nesmeyanov. Pravda (152), 2 
(1 June, 1957). U.S.S.R. rocket and Earth satellite program for 
the L.G.Y. I. P. Bardin. Letter to C.S.A.G.1. at Brussels 
(10 June, 1957). There is also an extension to the bibliography 
given in Pt. I. 


(1057). Eighth International Astronautical Congress. G. V. E. 
Thompson. Aircraft Engng., 29, 384-5 (Dec., 1957). Summaries 
of the more important papers given at the Barcelona Congress. 


(1058) Space flight and satellite vehicles. R. B. Beard and A. C. 

Rotherham. 150 pp., 15s. Newnes, London (1957). $3.95 

a N.Y. (1958). $2.60, British Book Service, Toronto (1958). 
ok. 


(1059) Rocket power and space flight. G. H. Stine. 180 pp., 
$3.75. Henry Holt, New York (1958). Book. 


(1060) Sputnik into space. M. Vassiliev. 147 pp., 15s. 
Souvenir Press, London, (1958). A review of this book appeared 
in J.B.1.S., 1957-58, 16, 386. 


(1061) Basic objectives of a continuing program of scientific 
research in outer space. W. W. Kellogg. Rand. Corp. P-1259 
(12 Jan., 1958). 

(1062) A guide to rocketry: 2. The rocket vehicle. A. D. 
Baxter. New Scientist, 3 (60), 19-21 (9 Jan., 1958). The prob- 
lems of making high performance rocket vehicles and space craft. 


(1063) Over to astronautics. Aeroplane, 94, 194-6 (14 Feb., 
1958). Report of paper by J. E. Allen, a general appreciation 
of the prospects for space flight. 


(1064) Towards astronautics. Flight, 73, 236-8 (21 Feb., 1958). 
Report of a paper read by J. E. Allen. 


(1065) Elements of astronautics. U. Bonfiglioli. Astronautica, 
6, 87-91 (March-April, 1958). (in Italian.) 


(1066) Getting set for space flight. Missiles and Rockets, 3 (4), 
116-8, 121-2 (April, 1958). Interview with five scientists of 
Dunlop and Associates, Inc. 


(1067) Ground support: a must for space. R.J. Laws. Missiles 
and Rockets, 3 (4), 80-1 (April, 1958). 


(1068) Some Remarks on Woomera as a Space-Vehicle Tracking 
and Launching Station. H. J. Higgs. Commonw. Spaceflight 
Symp. (1959). Outline of facilities at the Australian Weapons 
Research Establishment and their possible use for space research. 


(1069) Recoverable boosters are studied to cut manned space 
flight cost. D. C. Romick, R. mA. Belfiglio and F. B. Sandgren. 
Missiles and Rockets, 3 (4), 95-6, 98, 100 (April, 1958). (3 refs.) 


(1070) The present position and future prospects. H. S. W. 
Massey. Sci. News, (48), 129-36 (May, 1958). 

(1071) Probing the upper air and interplanetary space. H.S. W. 
Massey. Sci. News (48), 7-20 (May, 1958). 


(1072) Guidance, control and instrumentation. W. H. Stephens 
and A. W. Lines. Sci. News, (48), 39-61 (May, 1958). 
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(1073) Astronautics: science of space exploration: an introduction 
and summary of progress. G. D. Watson. Canad. Aero. J., 
4 (6), 185-93 (June, 1958). Review of existing rocket vehicles 
and general discussion of possibility of space travel. (33 refs.) 


(1074) IXth International Astronautical Congress. A/i, 10 (16), 
13-14 (16-31 Aug., 1958). (dn Italian.) 

(1075) Spaceflight and industry in the U.S.A. J. E. Allen. 
Hawker Siddeley Tech. J., 1 (1), 6-14 (Winter, 1958). A review 
of the various projects and the main and sub-contractors. 


(1076) Space talk: a down to earth glossary of astronautical 
terms. Republic Aviation Corp., 19 pp. (1959). 

(1077) Space guide: a basic guide to N.A.S.A. V. F. Callahan 
(ed.). 173 pp., $10. Washington Space Letter, Washington 
(1959). Book. 

(1078) IGY and space flight information. Elect. Engng., 
N.Y., 78 (1), 113-115 (Jan., 1959). Covers GAR-3 missile, 
fluorine rocket firings by Bell Aircraft Corp., Pioneer Moon rocket 
signals received by Jodrell Bank, X-15 rocket airplane, photo- 
graphy in outer space, solar probe (assistance from Moon's 
“centrifugal force”), lunar power station designed by Westing- 
house Electric Corp., etc. 

(1079) Atlas to play major space booster role. R. Sweeney. 
Aviation Wk., 70 (19), 86-95 (11 May, 1959). An account of 
the potentialities of Atlas, with notes on its possible application 
in projects: Centaur, a large-payload deep-space rocket; Vega 
for near-space investigations; Mercury, a manned space-capsule; 
Dyna-Soar; Sentry, a reconnaissance satellite; and Midas for 
a similar purpose. A history of its development stages is given. 


.2 Artificial Satellites 
[See also abstracts nos. 900, 918, 925, 984, 1013, 1014, 1020, 1023, 
1056, 1058-1060, 1174, 1175, 1178-1183, 1187, 1332, 1394, 1395, 
1399, 1404, 1409-1411] 

(1080) General review of a British space flight programme based 
on Blue Streak. G. K. C. Pardoe. Commonw. Spaceflight 
Symp., 21 pp. (1959). Possibilities of British Commonwealth 
participation in a major spaceflight programme are reviewed, 
and vehicle performance requirements for possible missions are 
indicated. In the first stages of participation it will be an ad- 
vantage to use as much existing equipment and facilities as 
possible. Preliminary designs for several space vehicles of 
varying performance are proposed; in each, the first stage is 
a substantially unaltered Blue Streak missile: (a) simple, solid- 
rocket second stage. The suggested configuration uses two 
existing solid rockets with a two-canister satellite payload indexed 
between them, the whole assembly being placed under a light 
fairing which is jettisoned on leaving the atmosphere, (5) use of 
Black Knight as second stage would enable a payload of 1000 Ib. 
to be placed in a 300-mile orbit around the Earth, (c) second stage 
made up of Black Knight propulsion bay with modified tankage, 
a “doughnut” high-test-peroxide tank around a cylindrical 
kerosene tank. This would be able to place 2000 Ib. in the 
300-mile orbit, and could be used with servicing towers already 
in existence for Blue Streak. It would also avoid the stressing 
problems associated with the use of the long thin structure of 
Black Knight on top of Blue Streak. 


(1081) Astronautics at Armstrong Whitworth’s. H.R. Watson. 
Commonw. Spaceflight Symp., 16 pp. (1959). Work carried out 
during the past two years on the preliminary design of a manned 
satellite and re-entry vehicle is reviewed. The configuration now 
favoured has a delta planform with a flat lower surface and an 
upper pyramidal portion. The wing area is 332 ft.* and the 
loading 14-4 Ib./ft.2; there are two control fins. This satellite 
and an image fairing would be mounted on a multistage rocket, 
the launching weight being about 160 tons. An elliptical orbit 
with apogee and perigee altitudes of 700 and 80 miles respectively 
is considered; to initiate re-entry, retro rockets are fired at 
‘apogee and reduce the height of the next perigee to 65 miles, 
where there is sufficient aerodynamic lift available to control 
the descent. Eventually, the rear wall of the pyramid would 
be jettisoned and a cylindrical capsule containing the two pilots 
separated from the rest of the vehicle to descend on a large 
parachute. Aerodynamic tests have been made on a model 
of the pyramidal vehicle. 

(1082) Temperature stabilization of highly reflecting spherical 
satellites. G. Hass, L. F. Drummeter, Jnr. and M. Schach. 
J. Opt. Soc. Amer., 49 (9), 918-24 (Sept., 1959). The temperature 
of an orbiting satellite with small internal power dissipation is 


determined by its radiation environment, the radiation properties 
of its surface and orbital geometry. For a spherical satellite the 
available design parameter is the ratio of the effective solar 
absorptance of the exterior surface to the hemispherical emittance. 
A surface with high specular reflectance and controllable low- 
temperature emittance is achieved by applying an evaporated 
layer of silicon monoxide over polished aluminium. Methods 
of producing uniform coatings on spheres and properties of the 
coatings are discussed and a report is given on the temperature 
behaviour of the Vanguard II satellite (1959 «) in orbit. 


(1083) The biological satellite. R.P. Havilland. 10th Internat. 
Astronaut. Congr., 13 pp. (1959). The need for a biological 
satellite to investigate the long-term problems of weightlessness 
and radiation exposure is reviewed. The author gives concep- 
tions of three different vehicles and outlines the experiments 
possible. Three types of animal subject would be employed: 
the fruit fly (long-term radiation), mice and rats (radiation 
exposure for a limited number of generations, adaptability to 
zero-g as regards feeding and simple operations), tailless monkeys 
and larger primates (ability to perform a variety of tasks under 
long-term exposure to zero-g; proof test of equipment for manned 
operation; extent and duration of the relearning process on re- 
turning to normal-g conditions). Equipment for these experi- 
ments is proposed. 


(1084) Design study of an Earth satellite evolving from a four- 
step solid propellent rocket vehicle. S.K. Kumar and B. R. Rau. 
10th Internat. Astronaut. Congr., 7 pp. (1959). The author 
envisages a four-stage rocket with a take-off mass of 18 tonnes 
capable of placing a 50-kg. satellite in orbit; experimental work 
on small solid propellent rockets is reported. 


(1085) Secular variation in the inclination of the orbit of Earth 
satellite (19578) and air drag. L. N. Rowell and M. C. Smith. 
10th Internat. Astronaut. Congr., 3 pp. (1959). Recent studies 
of satellite 19578 indicate a decrease in the inclination of the 
orbit of the order of 10-* degrees per day. It is probable that 
this can mainly be attributed to the rotation of the Earth’s 
atmosphere in the same sense as the satellite. 

(1086) Progress report on Mercury. Prod. Engng., 
30 (15), 39-40 (13 April, 1959). 

(1087) Scientific instrumentation of unmanned Earth satellites. 
P. Barratt, D. Rothwell and B. V. Somes-Charlton. Commonw. 
Spaceflight Symp., 45 pp. (1959). After outlining the physical 
conditions which a satellite will encounter, the design problems 
which will arise and possible ways of solving these problems, 
discusses scientific instruments for various space physics measure- 
ments: cosmic rays, infra-red and radio frequency radiations; 
magnetic and gravitational fields; atmospheric pressure, com- 
position and temperature; the terrestrial electric field; meteorite 
and micrometeorite impacts; satellite temperatures; and relati- 
vistic experiments. Provision of power supplies for satellite 
instruments, including the utilization of solar energy, is considered 
in some detail. 

(1088) Scientific use of an artificial satellite. H.K. Kallmann 
and W. W. Kellogg. Rand. Corp. RM-1500 (8 June, 1955). 
(1089) Scientific use of an artificial satellite. H.K. Kallmann, 
W. W. Kellogg, R. R. Rapp and S. M. Greenfield. Rand. Corp. 
P-733 (6 Sept., 1955). 

(1090) An engineering approach to a minimum weight design 
of orbital ferry vehicles. B. Bergqvist. Proc. VII Internat. 
Astronaut. Congr., 859-71 (1956). 

(1091) Interplanetary matter and the Earth satellite. M. Dubin. 
Proc. VII Internat. Astronaut. Congr., 645-70 (1956). (45 refs.) 


(1092) The Vanguard satellite launching vehicle. N. E. Felt. 
Proc. VII Internat. Astronaut. Congr., 811-9 (1956). (4 refs.) 
(1093) Studies of a minimum orbital unmanned satellite of the 
Earth (Mouse). Part IV. Radiation equilibrium and temperature. 
D. T. Goldman and S. F. Singer. Proc. VII Internat. Astronaut. 
Congr., 253-76 (1956). (16 refs.) 

(1094) The Earth satellite vehicle as a strat temperature 
probe. J. I. F. King. Proc. VII Internat. Astronaut. Congr. 
821-3 (1956). 

(1095) Summary of proposed methods for determining satellite 
lifetimes. N. V. Peterson. Proc. VII Internat. Astronaut. 
Congr., 789-810 (1956). (16 refs.) 

(1096) A method of la an artificial satellite. A. C. 
Robotti. Proc. VII Internat. Astronaut. Congr., 167-99 (1956). 
(in Italian.) (17 refs.) 
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(1097) Concept for Meteor—a manned Earth-satellite terminal 
evolving from Earth-to-orbit ferry rockets. D. Romick. Proc. 
Vil Internat. Astronaut. Congr., 335-80 (1956). (5 refs.) 
(1098) Use of an artificial satellite in upper air research. W. W. 
Kellogg and H. K. Kallmann. Rand. Corp. P-760 (15 Feb., 
1956). 

(1099) Satellite vehicle problems. A. E. Slater. Aeroplane, 
91, 604 (19 Oct., 1956). Report of paper by H. S. Massey. 
(1100) Instrumental satellites and instrumental comets. K. A. 
Ehricke. Jnteravia, 11 (12), 960-2 (Dec., 1956). 

(1101) The I.G.Y. rocket and satellite program. J. Kaplan. 
Interavia, 11 (12), 953-5 (Dec., 1956). 

(1102) An airborne method of launching satellites. A. C. Robotti. 
Interavia, 11 (12), 970-2 (Dec., 1956). 

(1103) The artificial Earth satellite, past, present and future. 
S. F. Singer. JIJnteravia, 11 (12), 956-9 (Dec., 1956). 

(1104) A recoverable scientific satellite. C. Gazley and D. J. 
Masson. Rand. Corp. RM-1844 (21 Dec., 1956). 

(1105) A recoverable scientific satellite. C. Gazley and D. J. 
Masson. Rand. Corp. P-958 (27 Feb., 1957). 

(1106) Rockets and satellites. H. Massey. New Scientist, 
2 (33), 26-8 (4 July, 1957). 

(1107) The Earth satellite. New Scientist, 2 (47), 7 (10 Oct., 
1957). 

(1108) Launching a satellite. N.Calder. New Scientist, 2 (47), 
9-10 (10 Oct., 1957). 

(1109) Opening the door to outer space. Chem. Engng. News, 
35 (41), 23-5 (14 Oct., 1957). Report of launch of Sputnik I 
and world reactions. 

(1110) Tracking “Sputnik.” 
2 (49), 11-12 (24 Oct., 1957). 
(1111) Aims of Russian satellites—exploring outer space. A. I. 
Lebedinskii. Times, 11-12 (7 Nov., 1957). 

(1112) Sputnik IT. H. S. Massey. New Scientist, 2 (51), 
14-15 (7 Nov., 1957). 

(1113) Sputnik Il—prelude to the Moon? Chem. Engng. News, 
35 (45), 27 (11 Nov., 1957). 

{1114) Observations of Satellite I. F.L. Whipple and J. A. 
Hynek. Sci. Amer., 197 (6), 37-43 (Dec., 1957). An account 
of how the first Russian satellite’s orbit was determined, and 
how our knowledge of this orbit can be applied. 

(1115) Man-made moons. I. Adler. 123 pp., $2.95. John 
Day, New York (1958). $3.50, Longmans, Toronto (1958). 
Juvenile book. 

(1116) Project satellite. Ed. K. W. Gatland. 167 pp., 2ls. 
Wingate Press, London (1958). $5. British Book Centre, 
London (1958). $3, Smithers and Bonellie, Toronto (1958). 
(1117) From V2 to Jupiter C. N. Calder. New Scientist, 
3 (64), 15-18 (6 Feb., 1958). The first American satellite launch- 
ing was the result of work by W. Von Braun on Redstone and 
Jupiter. 

(1118) The American and Russian satellites compared. R. F. 
Stebbings. New Scientist, 3 (64), 12-13 (6 Feb., 1958). Explorer 
and Sputnik I are considered. Although the ‘former is smaller 
than the Sputniks it contains instruments designed to transmit 
information on temperatures, cosmic rays and meteoric dust. 
(1119) The satellites of Jupiter. Aeroplane, 94, 161 (7 Feb., 
1958). News report of American satellite launching of 31 
January, 1958. 

(1120) Tracking the red moons. G. R. Whitfield. Aeroplane, 
94, 178-9 (7 Feb., 1958). Report of observational methods and 
results obtained at the Mullard Radio Astronomy Observatory, 
Cambridge. 

(1121) The jovial Explorer. Aeroplane, 94, 218 (14 Feb., 
—— Description of the background to the Explorer satellite 
aunch. 

(1122) Satellite tracking by optical methods. A. P. Willmore. 
Commonw. Spaceflight Symp., 5 pp. (1959). Brief review of 
tracking methods, dealing particularly with that developed by 
author involving photoelectric detection of the satellite. 


(1123) Explorer. Flight, 73, 232 (21 Feb., 1958). 


(1124) U.S. satellite aloft. NN. L. Baker. Missiles and Rockets, 
3 (3), 112-3 (March, 1958). Photos of Explorer I. 


J. R. Shakeshaft. New Scientist, 


(1125) 1958 Alpha “Explorer.” C. Tilenius. Weltraumfahrt, 
9, 5-7 (March, 1958). (in German.) Descriptions of instru- 
mentation, satellite carrier and orbit. 

(1126) America’s second satellite. Aeroplane, 94, 408 (28 March, 
1958). News report of launching. 

(1127) Minimum weight orbital vehicles. B. Bergqvist. Astro- 
nautica, 6, 63-8 (March-April, 1958). (dn Italian.) 

(1128) “Destination Moon?” P. Manni. Astronautica, 6, 
55-62 (March-April, 1958). (in Italian.) Review of Russian 
and American satellites. 

(1129) Vanguard—the U.S. missile in the news. Missiles and 
Rockets, 3 (4), 42-3 (April, 1958). 

(1130) V. Braun reveals Explorer data. Missiles and Rockets, 
3 (4), 47 (April, 1958). 

(1131) Meteorological applications of Earth satellies. W. L. 
Godson. J. Roy. Astronom. Soc. Canada, 52, 49-56 (April, 
1958). (12 refs.) 

(1132) Visual observations of artificial satellites. J. F. Heard. 
J. Roy. Astr. Soc. Canada, 52, 57-9 (April, 1958). 

(1133) A test and la stand for the Vanguard rockets. 
D. Karshan. Spaceflight, 1, 253-7 (April, 1958). 

(1134) Vanguard—long countdown W. O. Miller. 
Missiles and Rockets, 3 (4), 40 (April, 1958). 

(1135) Satellite periods and velocities. P.M. Millman. J. Roy. 
Astr. Soc. Canada, 52, 61-4 (April, 1958). (2 refs.) 

(1136) U.S. satellites (failure and success), artificial meteors 
and Project Farside. F. Pollard. Spaceflight, 1, 231-7 (April, 
1958). 

(1137) The perturbations of an Earth satellite. 
J. Roy. Astr. Soc. Canada, 52, 65~7 (April, 1958). 
(1138) Manned satellites present 2 main problems. L. Sloop. 
Soc. Automot. Engrs. J., 66 (4), 136 (April, 1358). Problems 
are: reliable rocket propulsion and re-entry heating. 

(1139) Photographic observations of Earth satellites. 
M. J. Smyth. Spaceflight, 1, 247-51 (April, 1958). 


(1140) The satellite story. J. Strong. Aeroplane, 94, 569-74 
(25 April, 1958). Describes the Russian and American satellites 
and space probes to date. 

(1141) Satellites for research. R.L.F. Boyd. Sci. News (48), 
81-94 (May, 1958). 

(1142) The first two Sputniks. D. Laurent. Docaéro (50), 
29-48 (May, 1958). (in French.) General information on 
satellites, orbits, construction, uses. Orbits and uses of the 
Sputniks. Methods of satellite launching and intercontinental 
ballistic missiles. (16 refs.) 

(1143) In orbit and reporting regularly. Elect. Engng., N.Y., 
77 (6), 563-5 (June, 1958). Details of Explorer Ill satellite, 
dealing particularly with transmitters and instrumentation. 
(1144) Sputnik as a tool for securing geodetic information. 
L. Gold. J. Franklin Inst., 266, 103-7 (Aug., 1958). Theory of 
determination of Earth’s mass and radius from orbital data. 
(3 refs.) 

(1145) The new exploration. T.R.F. Nonweiler. Aeronautics, 
39 (2), 34-7 (Oct., 1958). Results from observations of Russian 
satellites, particularly Sputnik 11. 


(1146) Explorer IV. Elect. Engng., N.Y., 77 (11), 1032-3 
(Nov., 1958). Pictorial review. 


(1147) Radio observations of Sputnik I using minimal equipment. 
E. L. R. Webb and A. G. McNamara. Trans. Engng. Inst. 
Canada, 2, 162-7 (Dec., 1958). Simple radio observations were 
used to obtain values for period and inclination of orbit. Pre- 
cession of nodes also obtained and some idea of eccentricity. 
Short time predictions for visual observers made and radio 
propagation effects studied. 


(1148) International Geophysical Year activities continue. Elect. 
Engng., N.Y., 78 (4), 344-5 (April, 1959). Pictures of assembly 
of Juno Il satellite ; new weather balloons; Cornell University 
radiotelescope, and Nike-Asp rockets on U.S.S. Point Defiance. 


(1149) Soviets plan surveillance satellite launch. Aviation Wk., 
70 (18), 33 (4 May, 1959). Report of paper by P. G. Petrovich 
in a publication of the U.S.S.R. Academy of Sciences. 


L. Searle. 
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.3 Lunar and Planetary Probes 
[See also abstract no. 1222] 


(1150) Lunar observation rockets. A. Boni. Proc. VII Internat. 
Astronaut. Congr., 289-96 (1956). (dn Italian.) 
(1151) One-year exploration trip, Earth—Mars—Venus—Earth. 


G. A. Crocco. Proc. VII Internat. Astronaut. Congr., 201-52 
(1956). (dn Italian and English.) 
(1152) The Moon rocket. G. H. Clement. Rand. Corp. 


P-833 (7 May, 1956). 

(1153) Lunar instrument carrier—landing factors. H. A. Lang. 
Rand. Corp. RM-1725 (4 June, 1956). 
(1154) Flight to Venus. Yu. Klebtsevich. 
24 (8), 53-6 (1957). (dn Russian.) 
(1155) How soon to the Moon? 
Scientist, 2 (47), 7-8 (10 Oct., 1957). 


Nauka i Zhizn., 


H. Spencer Jones. New 


(1156) Man may land on the Moon a few years hence. G. 
Thomson. New Scientist, 2 (48), 10-11 (17 Oct., 1957). 
« 1157) Lunar exploration by photography from a space vehicle. 


E. Davies. 10th Internat. Astronaut. Congr., 12 pp. (1959). 
Design of a spinning panoramic camera which, as the payload 
of a space vehicle, could photograph the Moon’s surface from 
an altitude of 3000 (+2000) miles. An axial retro-rocket is 
provided for adjustment of the trajectory, which would be in the 
form of a figure-of-eight passing around the Moon. During 
re-entry into the Earth’s atmosphere, 40-50 lb. of the 400-lb. 
capsule will be ablated. The point of landing could be predicted 
within a few hundred miles. 

(1158) Shooting at the Moon? Chem. Engng. News, 35 (44), 
26, 28 (4 Nov., 1957). Reports of U.S. rocket vehicle launchings. 
(1159) A guide to rocketry: 3. Gravitation effects. J. G. Porter. 
New Scientist, 3 (61), 21-3 (16 Jan., 1958). The fundamentals 
of space-probe and interplanetary orbits. 

(1160) Man on the Moon?—probes due first. 
and R. C. Wakeford. Missiles and Rockets, 
(April, 1958). 

(1161) Seeing the other face of the Moon. E. Bergaust, N. L. 
Baker, D. E. Perry and F. McGuire. Alata, 14 (160), 56-7 
(Oct., 1958). (in Italian.) Details of Pioneer. 


F. I. Ordway 
3 (4), 69-74 


.4 Spaceships 


Environmental considerations of space travel from the 


(1162) 
A. M. Mayo. Interavia, 11 (6), 435-9 


engineering viewpoint. 
(June, 1956). 

(1163) A rocket for manned lunar exploration. M. W. Rosen 
and F. C. Schwenk. 10th Internat. Astronaut. Congr., 14 pp. 
(1959). After comparing direct flight and orbital rendezvous 
techniques for achieving a manned lunar landing, authors des- 
cribe the five-stage Nova rocket and its use for direct flight to 
the Moon. The vehicle would weigh 6,700,000 Ib. at take-off 
and stand about 220 ft. high. The 48-ft. diameter first stage 
would be powered by six 1,500,000-Ilb. thrust LOX/kerosene 
engines; a single engine of this type but modified for high-altitude 
operation would propel the second stage. The third stage would 
consist of four 150,000-Ib. thrust LOX/liquid hydrogen engines. 
These first three stages suffice to send a 102,000-Ib. payload on its 
way towards the Moon; braking and landing is carried out by 
firing the fourth stage which has four variable-thrust engines 
utilizing high-energy propellents. Retractable landing legs are 
provided, and the payload placed on the Moon would have a 
mass of 36,000 Ib. The crew of two or three men would spend 
twelve days on the Moon, then use the fifth-stage engine to launch 
the capsule and return to Earth. The outer surface of the 
capsule would be covered with ablative material for removal of 
heat generated during atmospheric re-entry. For the outward 
. journey, initial, mid-course and terminal guidance would be by 
inertial, Earth-based radio, and radar/optical methods respec- 
tively, but lunar-based radio beacons could be used to assist 
landing. 

(1164) Design compromise in space power systems. M. A. Zipkin 
and E. Schnetzer. 10th Internat. Astronaut. Congr., 32 pp. 
(1959). Preliminary design studies for turbo-generator space 
power systems carried out at the U.S. General Electric Co.’s 
Flight Propulsion Laboratory. A Rankine cycle system in which 
alkali metal vapour is used as the working fluid was found more 
suitable for space environments than a Brayton cycle system 
with inert gas as a working fluid. In both systems waste heat 


is rejected to space vy radiating surfaces. The authors describe 
a typical 1 mW. system; potassium is the working fluid and the 
four-stage molybdenum turbogenerator operates at 12,000 r.p.m. 
The overall dimensions are 70 ft. by 12 ft. diameter and the total 
mass is 13,000 lb. The largest component is the radiator, with 
an effective area of 2000 ft.?. 

(1165) Electric power for future [space] flight vehicles. M. 
Demler. Elect. Engng., N.Y., 77 (11), 997-999 (Nov., 1958)" 
(1166) A 20,000 kW nuclear turboelectric power supply for 
manned space vehicles. R. E. English et al. N.A.S.A. Memo 
2.20.59E (March, 1959). Chooses a cycle using sodium vapour 
erent fluid with a turbine inlet temperature of 1400° K. 
( refs.) 


.5 Interstellar and Intergalactic Travel 
Reaching the stars. E. Singer. Proc. VII Internat. 
(In German.) (1 ref.) 
J. Ackeret. 


(1167) 
Astronaut. Congr., 97-113 (1956). 
(1168) Can man reach distant celestial bodies. 
Interavia, 11 (12), 989-91 (Dec., 1956). 
(1169) Some optical and kinematic effects in interstellar travel. 
E. Sanger. Z. angew. Math. Phys., 9b, 591-600 (25 March, 
1958). (In German.) Relativistic effects. (16 refs.) 
(1170) How to travel outside our solar system. F. Fiorio. 
Missiles and Rockets, 3 (4), 89-90, 93 (April, 1958). 


.6 Orbits 
[See also abstraci no. 1056] 


(1171) Launching conditions and the geometry of orbits in a 
central gravity field. FFang-Toh Sun. 10th Internat. Astronaut. 
Congr., 15 pp. (1959). Develops formulae relating the principal 
geometrical parameters of the orbit to the launching parameters 
defined at the final burn-out point. Elliptic, parabolic and hyper- 
bolic orbits are considered. The problem of burn-out precision 
is briefly discussed and an energy-momentum diagram showing 
the principal parameters in a single chart is presented. 

(1172) Notes on the high-speed motion of bodies in a weak 
gravitational field. K.P. Stanyukovich. Doklady Akad. Nauk 
S.S.S.R., 120 (2), 277-80 (11 May, 1958). (in Russian.) Mathe- 
matical. 

(1173) Jet-orbital lift in ultra-fast transports. C. E. Cremona 
and D. Cunsolo. 10th Internat. Astronaut. Congr., 5 pp. (1959). 
(In Italian). Travel in an elliptical path beyond the atmosphere 
would enable a given geographical distance to be covered in much 
less time than for any land, sea or air vehicle. The theory of 
flight with a constant thrust directed to the Earth’s centre is 
developed. 


(1174) Differential expressions for low-eccentricity geocentric 
orbits. S. Herrick, L. G. Walters and C. G. Hilton. 10th 
Internat. Astronaut. Congr., 12 pp. (1959). Derivation of 


mathematical expressions relating position and velocity to orbit 
parameters for low-eccentricity geocentric orbits, for use in 
either the correction of the orbits or the evaluation of uncer- 
tainties concerning them. 


(1175) Some new methods of satellite orbit calculations and 
stability problems. H. Knothe. 10th Internat. Astronaut. 
Congr., 9 pp. (1959). The methods developed are: (i) the 


reduction of the equations of motion of a satellite to a system 
of two ordinary first order differential equations, considering 
rotationally symmetric gravitational anomalies, (ii) reduction of 
the equations of motion to a system of three ordinary first order 
differential equations (a rapidly convergent process of iteration 
for solving these equations is explained), (iii) a differential 
geometrical approach, which leads to simple formulae for 
calculating the regression. 


(1176) Artificial satellites of the Moon. R. W. Buchheim. 
Proc. VII Internat. Astronaut. Congr., 589. -643 (1956). (8 refs.) 


(1177) Electronic computers and orbit calculation. H. R. J. 
Grosch. Proc. VII Internat. Astronaut. Congr., 401-8 (1956). 


(1178) Methods of analysing observations on satellites. G. V. 
Groves and M. J. Davies. 10th Internat. Astronaut. Congr., 
14 pp. (1959). A theory is developed for the precise deter- 
mination of the elements of a satellite orbit from observational 
data. Account is taken of such effects as atmospheric refraction, 
aberration, the finite speed of light and the difference between 
geocentric and geographical latitude to meet the needs of analysing 
observations of accuracy 1 second of arc and 4 millisecond of 
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time. When analysing observations over more than a fraction 
of a revolution, account needs to be taken of the effects of har- 
monics in the Earth’s gravitational field and of the drag effects 
of the atmosphere. These effects are discussed and a theory 
is formulated to enable the relevant parameters and coefficients 
to be determined. 

(1179) On the apparent motion of an Earth’s artificial satellite. 
J. J. de Orus. 10th Internat. Astronaut. Congr., 4 pp. (1959). 
Method for calculating the time at which the satellite is at a 
minimum distance from a specified Earth station. 

(1180) Satellite librations. W. B. Klemperer and R. M. L. 
Baker. Proc. VII Internat. Astronaut. Congr., 3-21 (1956). 
(4 refs.) 

(1181) On the application of the method of variation of elliptic 
orbit elements in case of a satellite vehicle. J. M. J. Kooy. 
Proc. VII Internat. Astronaut. Congr., 705-39 (1956). 

(1182) The secular and periodic perturbations of the path of an 
artificial Earth satellite. H.G.L. Krause. Proc. VII Internat. 
Astronaut. Congr., 523-85 (1956). (din German.) (17 refs.) 
(1183) The effect of the Earth’s oblateness and atmosphere on 
a satellite orbit. J. de Nike. Proc. VII Internat. Astronaut. 
Congr., 507-22 (1956). (10 refs.) 

(1184) Graphical determination of ballistic trajectories—through 
outer space with compass and straightedge. R.H. Frick. Rand 
Corp. RM-1641 (24 Feb., 1956). 

(1185) Motion of a small body in Earth-Moon space. R. W. 
Buchheim. Rand Corp. RM-1726 (4 June, 1956). 

(1186) The restricted problem of two bodies of variable mass. 
V. V. Radzievskii and B. E. Gel’fgat. Astronomicheskii Zhurnal, 
34 (4), 581-7 (1957). (in Russian.) 

(1187) On free motion in the gravitational field of the Earth. 
G. C. Scorgie. Quart. J. Mech. Appl. Maths.; 10 (4), 494-9 
(1957). A literal approximate solution is given for the motion 
of a particle in the Earth’s gravitational field as modified by 
ellipticity of the figure of the Earth. In particular, the resulting 
torsion of the path is calculated. (2 refs.) 


(1188) Lunar flight. R. W. Buchheim. Rand Corp. P-1248 
(7 Jan., 1958). 


(1189). Lunar flight trajectories. R. W. Buchheim. Rand 
Corp. P-1268 (30 Jan., 1958). 


(1190) The motion of an orbiting vehicle subjected to con- 
tinuous radial thrust, including a study of planetary encounters. 
B. Paiewonsky. 10th Internat. Astronaut. Congr., 12 pp. (1959). 
Compares the use of continuous radial thrust for braking, 
adjustment of perigee altitude and assurance of capture of 
vehicles approaching a planet, with the alternative methods of 
using retro rockets, or atmospheric lift and drag. Continuous 
radial braking does not seem to have an overwhelming advantage 
for close approaches, although there is an increase in perigee 
height. For moderately distant approaches, radial braking can 
provide a means of insuring an inner limit for the distance of 
closest approach. 


(1191) The three-body problem Earth-Moon-spaceship. W. 
Grébner and F. Cap. 10th Internat. Astronaut. Congr., 24 pp. 
(1959). The solution of the astronomical n-body problem using 
Lie series is discussed and the known algebraic integrals (con- 
servation of momentum, conservation of angular momentum, 
conservation of energy) are reproduced. After solving the two- 
body problem, the closed solution for the three-body problem 
is given. Two alternative methods for numerical computations 
are provided in sufficient detail for immediate programming. 
Work has begun on several more advanced problems, including 
the computation of orbits in the approximate five-body problem 
(one small mass in the field of four moving large masses); it 
is being carried out at Innsbruck University under the sponsor- 
ship of General Motors, U.S.A. 


(1192) Impulsive midcourse correction of an_ interplanetary 
transfer. R. J. Gunkel, D. N. Lascody and D. S. Merrilees. 
10th Internat. Astronaut. Congr., 28 pp. (1959). A survey of 
possible ballistic trajectories from Earth to another planet (e.g., 
Mars), with particular attention to sensitivity to initial condition 
errors, indicates that initial condition tolerances can be maximized 
by careful choice of trajectory. The relationship between mid- 
course correction impulse requirement and sensitivity to initial 
conditions is established. An adaptation of classical aircraft 
interceptor techniques will prove useful in formulating self- 
contained guidance and correction systems. The basic survey 


is based on the customary two-dimensional model, but this is 
extended to the actual three-dimensional case. A comparison 
of results shows the suitability of approximate methods for deter- 
mining basic trends but indicates the necessity for using more 
accurate solutions for design purposes. 

(1193) A practical investigation of control problems. 
C. A. Cross. 10th Internat. Astronaut. Congr., 11 pp. (1959). 
A spaceship flight simulator consisting of a control panel, an 
electromechanical computer, and a planetarium-type projector, 
has been built and successfully operated. Some twenty “flights” 
have been made to determine the pilot’s ability to carry out a 
simple circumnavigation of a luminous reference sphere 22 miles 
in diameter in the middle of a 700-mile square navigable area. 
The ship could not be flown successfully by direct instinctive 
interpretation of the projected display but had to be navigated 
from start to finish by deducing its position in space from the 
observations, plotting this on a chart, and taking the necessary 
control action. The simulator described is limited to two 
dimensions and does not include the effects of a gravitational 
field. Possibilities of further development are discussed. 


(1194) Minimum energy requirements for space travel. H. O. 
Ruppe. 10th Internat. Astronaut. Congr., 18 pp. (1959). The 
minimum energy requirements for many space missions are 
calculated and expressed as velocity requirements, thus providing 
a convenient way of making a preliminary estimate of an optimum 
vehicle. Mission flight times can be reduced by utilizing more 
than minimum energy; this is particularly pronounced in the 
lunar and interplanetary transfers. 


(1195) Theory of the n-step relativistic rocket. M. Subotowicz. 
10th Internat. Astronaut. Congr., 13 pp. (1959). The first part 
shows how the kinematic equations for the single-stage, relativistic 
rocket moving in one dimension in empty, gravitationless space 
can be obtained with the aid of successive Lorentz transforma- 
tions. The differential equation for the m-stage relativistic rocket 
is derived; it describes the mass and velocity changes in terms of 
successive systems of reference. The terminal velocity relative 
to the inertial reference system connected with the fixed stars 
and launching point is obtained, and possibilities of optimizing 
the n-stage rocket are sketched out. The equations of motion 
are solved for the case of constant local acceleration. 


(1196) Interstellar travel: study of the relativistic rocket. V. 
Rogla-Altet. 10th Internat. Astronaut. Congr., 29 pp. (1959). 
(in French.) General mathematical theory of the relativistic 
rocket, consideration of the special case of the photon rocket, 
and comparison of author’s results with those of Mauguin, 
Ackeret, Sanger and Kooy. 


(1197) Interplanetary homing. E. V. Stearns. 10th Internat. 
Astronaut. Congr., 12 pp. (1959). An examination of perfor- 
mance requirements for terminal guidance in interplanetary 
navigation. A closed loop system of instrumentation is pro: 

for the control of the vehicle trajectory to provide thrust control 
necessary to place it in a suitable orbit for final approach to 
the destination. 


(1198) Line-of-sight criteria for int navigation. T. L. 
Connors, W. A. Hugget and A. C. Lawson, Jnr. 10th Internat. 
Astronaut. Congr., 23 pp. (1959). The line-of-sight techniques 
proposed here require more propellents than the interplanetary 
orbits usually considered, but they reduce the complexity of the 
navigational task. In one method, the line of sight from the 
vehicle to the Sun is held colinear with the line of sight from the 
vehicle to the destination planet. In the other, the vehicle 
must remain on a line through the destination planet and a fixed 
point on the celestial sphere. Both methods reduce the amount 
of measuring and computing equipment to be carried but are 
suitable only for space vehicles propelled by continuous low- 
thrust motors. 


(1199) Fuel requirements for inter-orbital transfer of a rocket. 
R. N. A. Plimmer. 10th Internat. Astronaut. Congr., 17 pp. 
(1959). A preliminary analysis of the propellent requirements 
for the optimal transfer of a rocket between two terminal orbits 
described under a central inverse square law field of attraction, 
the terminal orbits both being described in the same sense. The 
cases considered include transfer between two circular orbits 
(Hohmann transfers), an elliptical and a circular orbit, two ellip- 
tical orbits with common direction of major axes and the same 
eccentricity, and isoeccentric ellipses having a common direction 
of major axes. Fuel expenditure for Earth satellite navigation 
is also discussed. 
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(1200) Position in space. L. Chincarini. Astronautica, 6, 
80-1 (March-April, 1958). (in Italian.) 

(1201) On the determination of the velocity of an interstellar 
vehicle by means of the Doppler effect. R. Montone. Astro- 
nautica, 6, 73-4 (March-April, 1958). (dn Italian.) (2 refs.) 
(1202) Error analysis of Keplerian flights involving a single 
central force field and transfer between two central force fields. 
K. A. Ehricke. Navigation, 6 (1), 5-23 (Spring, 1958). Effect 
of an error at cut-off on subsequent orbit. Planet-to-planet 
(a refs) without post-escape correction does not appear feasible. 

refs.) 


(1203) Guidance and control in space. P. A. Castruccio, 
Missiles and Rockets, 3 (4), 124—5 (April, 1958). 


(1204) Problems in space navigation. L.G. Walters. Missiles 
and Rockets, 3 (4), 169 (April, 1958). (5 refs.) 


(1205) Paths in space. Aeroplane, 94, 575 (25 April, 1958). 
Describes the dynamics of orbits. 


(1206) Earth-Moon rocket trajectories. L. Gold. J. Franklin 
Inst., 266, 1-8 (July, 1958). Derives, by an approximate 
method, lunar flight periods for different launching velocities, 


(5 refs.) 


7—PROPULSION 


.1 General 
(1207) Bow considerations on the theory of spaceship propul- 
sion. H. Ruppe. Proc. VII Internat. Astronaut. Congr., 50-69 


(1956). (Un German.) 

(1208) Combustion and propulsion. Flight, 73, 700-2 (23 May, 
1958); 733-4 (30 May, 1958); 779-80 (6 June, 1958). A collection 
of short accounts of papers read at the N.A.T.O. Advisory Group 
for Aeronautical Research and Development (A.G.A.R.D.) 
colloquium at Palermo. Mainly on turbo- and ramjet engines, 
but some papers on rockets. 


(1209) Theoretical and experimental study of propergol mix- 
tures: measurement of the combustion efficiency. L. Reingold. 
10th Internat. Astronaut. Congr. (1959). (In French). Considers 
the combustion of hydrocarbons in oxygen/nitrogen mixtures, 
including the particular cases of turboreactors and the rocket. 


.2 Ramiets and Air-Breathing Engines 


(1210) An air-breathing engine to work at Mach numbers 
greater than M = 5-0. W. F. Hilton. Commonw. Spaceflight 
Symp., 15 pp. (1959). Theory of a new engine expected to 
have a fuel economy superior to the rocket in this Mach number 
range and to be easily adaptable to act as a conventional ramjet 
engine in the lower subsonic range. Its basic principle is the 
ignition of air/fuel mixtures at supersonic speeds by spontaneous 
ignition due to shock heating. The air velocity inside the duct 
would never be subsonic. Fuel is injected with considerable 
lateral velocity into the airstream ahead of the shock-wave 
system. The intake proposed has an octagonal shape; it is 
progressively closed at lower Mach numbers down to a limit of 
Mach 1-5. The optimum Mach number is 7-4 and the minimum 
efficient size of the engine (based on a millisecond ignition delay) 
is about 4 ft. dia. x 40 ft. long. The design thermal efficiency 
is about 65-3 %. 

(1211) Implications of a recent rocket experiment on the use of 
atmospheric atomic oxygen for high altitude propulsion systems. 
J. Pressman. Proc. VII Internat. Astronaut. Congr., 699-704 
(1956). (12 refs.) 


.3 Chemical Rockets 
[See also abstracts nos. 912 and 939] 
.31 SOLID-PROPELLENT ROCKETS 
[See also abstract no. 1327] 


(1212) Case for Goodyear. Missiles and Rockets, 3 (3), 114, 
116 (March, 1958). Photos of solid rocket case production. 


(1213) A solid-propellant rocket engine. C. R. Voris. Soc. 
Automot. Engrs. J., 66 (5), 45-6 (May, 1958). General descrip- 
tion of solid-propellent rockets using Thiokol propellent. 


(1214) An initial programme for a Commonwealth spaceflight 
project. S. K. Kumar and R. L. Macarthy. Commonw. Space- 
flight Symp. (1959). Research on small multi-stage solid rockets 
carried out by the Indian Astronautical Society in conjunction 
with the Indian Defence Department. 


(1215) The application of solid propellents to space flight vehicles. 
H. L. Thackwell, Jnr. 10th Internat. Astronaut. Congr., 16 pp. 
1959). Author outlines his experience in rocketry and reviews 
the history of the solid-propellent rocket in U.S.A. Solid- 
propellent rockets have the following advantages: simplicity, 
and hence intrinsic reliability; short development period ; readily 


adapted for spinning; cheapness relative to liquid propelleni 
rockets; high performance obtainable from small units; no 
sloshing or ullage problems; ease of staging or clustering. The 
Grand Central Rocket Co. has made preliminary design calcu- 
lations for a three-stage, all-solid propellent vehicle (Envoy). 
capable of sending a 50-lb. payload to the Moon or placing 
a 230-lb. payload into a 300-mile orbit. The vehicle would 
weigh 17,000 Ib. and be 37-8 ft. high. The motors of all three 
stages would employ conventional case-bonded internal burning 
Star-type grains of high volumetric efficiency similar to those 
used for the third-stage Vanguard motors. Although smaller 
and lighter than the Scout vehicle, Envoy would have equal or 
greater performance because it is designed for its specific task 
and not comprised of existing motors. 


.32 Liquip-PROPELLENT ROCKETS 

(1216) Contribution to the theory of the steam rocket. H. Bed- 
narczyk. Proc. VII Internat. Astronaut. Congr., 757-88 (1956) 
(In German). (12 refs.) 

(1217) Theoretical and experimental study of a jet engine using 
“lithergols.” R. M. Corelli. Proc. VII Internat. Astronaut. 
Congr., 741-56 (1956). (dn Italian.) (3 refs.) 


(1218) Rocket engines. Aeroplane, 91, 340 (31 Aug., 1956). 
Tabular data on British engines. 

(1219) Injection by impinging jets in combustion chambers of 
liquid fuel rockets. R. Kling, G. Chevalerias and A. Maman. 
Rech. Aéronaut., 57, 19-22 (March-April, 1957). (in French.) 
(8 refs.) 

(1220) On internal ballistics of liquid fuel rockets. M.S. Sodha. 
Appl. Sci. Res., 7A, 421-8 (1958). Theoretical treatment, with 
consideration of the variation of droplet size distribution with 
time during combustion. Steady-state solution given. (1 ref.) 
(1221) A guide to rocketry: 1. Chemical rocket propellents. 
W. N. Neat. New Scientist, 3 (59), 10-13 (2 Jan., 1958). De- 
scribes the general characteristics of liquid-propellent rocket 
engines. 

(1222) Minimum propulsion for soft Moon landing of instru- 
ments. D. S. Carton. Commonw. Spaceflight Symp., 38 pp. 
(1959). Examines some of the problems involved in landing 
100 Ib. instruments on the Moon: trajectories, external ballistics, 
rocket engine performance, propellents, combustion chamber 
and nozzle design, etc. Scaling rules have been derived to permit 
assessment of the relative merits of pressurization and turbo- 
pumps, selection of optimum tank and combustion chamber 
pressures, expansion ratios, etc. Scaling constants are given 
for one solid and six liquid propellents. 

(1223) Liquid propellant rocket engine for Redstone. Elect. 
Engng., N.Y., 77 (2), 190-91 (Feb., 1958). 

(1224) Spectre A.T.O. unit. Flight, 73, 178-9 (7 Feb., 1958). 
General description of unit and its use for bomber take-off 
assistance. 

(1225) Rocket propulsion at Cranfield. Aeroplane, 94, 262b—265 
(21 Feb., 1958). An account of the facilities at Cranfield for the 
study of rocket propulsion and the properties of propellents. 
(1226) Liquid-propellent rocket engine testing. W. N. Neat. 
Aeroplane, 94, 236, -a, -b (21 Feb., 1958). Describes the process 
of engine testing, the installations and equipment. 

(1227) Rocket power for the P.1.B. Aeroplane, 94, 274-5 
(28 Feb., 1958). News item with picture of Napier Double- 
Scorpion. 
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(1228) Rocket research in Britain. M. Allward. Spaceflight, 
1, 258, 260 (April, 1958). Visit to Rocket Propulsion Dept., 

Westcott. 

(1229) Vacuum-jacket lines save fuel. Missiles and Rockets, 
5 (6), 169 (May, 1958). 

(1230) General Electric’s X-405 Vanguard where it is 
and how it got there. L. Michelson. Missiles and Rockets, 
3 (6), 139, if1- 2, 144, 147 (May, 1958). 

(1231) Rocket motors and propulsion. W.N. Neat. Sci. News, 
(48), 21-38 (May, 1958). 

(1232) An analytical study of turbulent and molecular mixing 
in rocket combustion. D. A. Bittker. N.A.C.A. Tech. Note 
4321, 22 pp. (Sept., 1958). Mixing lengths for two simplified 
diffusion models are calculated for various turbulence conditions. 
Results are independent of any particular propellent combination 
(13 refs.) 


33° PROPELLENTS 

(1233) On the possibility of accelerating a rocket after using 
up the normal propellents. A. Jona. Proc. VII Internat. Astro- 
naut. Congr., 297-303 (1956). (dn Italian.) 

(1234) On the system with chemical reacting components in 
equilibrium. H. J. Kaeppeler and G. Baumann. Proc. VII 
Internat. Astronaut. Congr., 71-96 (1956). (in German.) (23 refs.) 


(1235) On a possible means of increasing the exhaust velocity 
of a rocket motor. W. Peschka. Proc. VII Internat. Astronaut. 
Congr., 683-98 (1956). (dn German.) 

(1236) Unconventional fuels. E. Goodger. New Scientist, 
1 (12), 27-9 (7 Feb., 1957). Comparison of hydrocarbon and 
boron-containing fuels. 

(1237) An analogue computer for the investigation of the tem- 
perature levels in rocket flames. R. Lafon. Rech. Aéronaut., 
57, 23-9 (March-April, 1957). (in French.) (3 refs.) 

(1238) High-energy chemicals—high performance. Chem. Engng. 
News, 35 (21), 18-23 (27 May, 1957). General discussion of 
fuel-oxidiser combinations for high performance rockets. 
(1239) Characteristic times for the development of combustion 
in rocket motors for propergols. M. Barrére, A. Moutet and 
P. Sarrat. Rech. Aéronaut., 60, 29-40 (Sept.-Oct., 1957). (in 
French.) (8 refs.) 

(1240) Putting a propellant together. Chem. Engng. News, 35 
(40), 62-3 (7 Oct., 1957). Process of manufacture of an am- 
monium nitrate and rubber base composite solid rocket pro- 
pellent. 

(1241) Effect of temperature and pressure on the ignition lag of 
hypergols. H. Moutet, A. Moutet and M. Barrére. Off. Nat. 
Etudes Rech. Aéronaut. Tech. Note 45, 25 pp. (1958). (dn French.) 
Experimental study at simulated high altitude for nitric acid with 
various fuels—xylidene, triethylamine and furfuryl alcohol, 
separately and in mixtures. Generally ignition lag was shorter 
for mixtures. (12 refs.) 

(1242) Rocket engines use LOX. F. F. Twight. Soc. Automot. 
Engrs. J., 66 (2), 66 (Feb., 1958). List of theoretical specific 
impulses, with comment on materials for handling, lubrication 
and cleaning. 

(1243) Hidyne, the new rocket fuel. T. Margerison. New 
Scientist, 3 (64), 14 (6 Feb., 1958). The improved space probe 
vehicle performance possible with boron-containing fuels is the 
basis of an extensive U.S. programme of research. 

(1244) Propellents for rocket engines. J. E. Dunning. Aero- 
plane, 94, 261 (21 Feb., 1958). A review of the range of pro- 
pellents available, with comment on their applicability. 

(1245) How good are free radicals? E. Bergaust. Missiles 
and Rockets, 3 (3), 78-80 (March, 1958). Review of current 
research. 

(1246) Nike Ajax propellants. R.B.Canright. Soc. Automot. 
Engrs. J., 66 (3), 40 (March, 1958). Choice of fuel and oxidant 
for this missile, and the additives used to allow long-period 
storage. 


(1247) Propellant vaporization as a criterion for rocket engine 
design: a relation between percentage of propellant vaporized and 
engine performance. M. F. Heidmann and R. J. Priem. N.A.C.A. 
Tech. Note 4219, 19 pp. (March, 1958). Theory based on hypo- 
thesis that performance is limited by rate of vaporization. 
Analysis applied to hydrogen-fluorine, hydrogen-oxygen, am- 
monia-fluorine, JP4-oxygen. (10 refs.) 


(1248) N.A.C.A. probes fluorine use. A.J. Zaehringer. Missiles 
and Rockets, 3 (6), 104—5 (May, 1958). 


(1249) Boron + hydrogen + carbon. R. J. Heaston. Soc. 
Automot. Engrs. J., 66 (6), 39 (June, 1958). The advantages 
and problems of boron-based fuels. 


(1250) Step up range with boron compound fuels. W. T. Olson. 
Soc. Automot. Engrs. J., 66 (6), 76-7 (June, 1958). Abstract 
from a survey of high-energy metal-based fuels, with figures 
for some boron hydrides. 


.4 Nuclear Rockets, Working Fluid 
[See also abstract no. 1056] 


(1251) The performance of nuclear thermal fission rockets. 
O. H. Wyatt. Commonw. Spaceflight Symp., 24 pp. (1959). 
Basic calculations to ascertain the probable performance of 
thermal fission rockets using U-235 or Pu-239 as fuels and 
moderated with graphite. Fixing the maximum graphite surface 
temperature at 2500° C., with 50% voidage and a maximum work- 
ing fluid temperature of 2000° C., specific impulses of 675 and 
325 sec. could be achieved with H and NH, respectively as 
working fluid. For the rockets described, the all-up weights 
were in the range 2:5 x 10° to 3 x 10* Ib. and the corresponding 
thrusts 6-3 x 10° to 66 10°lb. With H as working fluid, 
nuclear rockets are as good as or better than future chemical 
rockets; with NHs;, they are intermediate between current and 
future chemical rockets. 


(1252) Nuclear rocket missions and associated powerplants. 
J. J. Newgard and M. M. Levoy. 10th Internat. Astronaut. 
Congr., 10 pp. (1959). An analysis of power plant requirements 
for various missions, including single-stage, large-payload, 
nuclear-boosted escape vehicles; chemically-boosted second-stage 
nuclear rockets escaping with large payloads, and terrestrial 
orbiting nuclear vehicles capable of moving into space (e.g., for 
orbiting Mars). Missions of this type could be accomplished 
with a family of H-cooled, solid-fuel, graphite-moderated, BeO- 
reflector-moderated reactor power plants varying in mass between 
14,000 and >160,000 Ib. The authors discuss heat transfer 
and fluid flow, nuclear statics, power plant dynamics, core 
corrosion-erosion, reactor start-up and possible power plant 
perturbations. 


(1253) Some remarks on the optimum operation of a nuclear 
rocket. G. Leitmann. 10th Internat. Astronaut. Congr., 8 pp. 
(1959). Results of recent papers dealing with performance 
optimization are modified to include the constraint arising from 
the energy-limited nature of nuclear rockets. It is shown that 
the optimum exhaust speed programme does not depend on the 
mass flow rate and that the characteristic speed resulting from 
this programme depends only on the total mass of the working 
fluid and increases with it. 


(1254) Study of a heat exchanger, operating by convection and 
radiation, for a high-temperature nuclear-thermal autopropulsion 
unit. P. Perrier. 10th Internat. Astronaut. Congr. (1959). 
(In French). Calculations for a Barré-type nuclear rocket, in 
which C particles are suspended in the working fluid (NH;) to 
produce black body conditions. 


(1255) Considerations on the of the use of nuclear 
energy in astronautics. C. Corbetta. Proc. VII Internat. Astro- 
naut. Congr., 161-6 (1956). (in Italian.) 


(1256) Nuclear energy for rocket motors. F. Winterberg. 
Weltraumfahrt, 9, 8-11 (March, 1958). (in German.) 


(1257) Taming tomorrow's power sources. A. R. Gardner. 
Prod. Engng., 30 (18), 28-31 (4 May, 1959). Brief survey: 
nuclear energy, ion propulsion, free radicals, photon rockets, 
gravity control, energy conversion, fuel cells. 


(1258) Interplanetary travel. T. F. Nagey. Soc. Automot. 
Engrs. J., 66 (5), 79- 30 (May, 1958). Discusses nuclear rockets, 
atomic recoil propulsion, ionic drive and thermo-electron 
power plants. 


(1259) Nuclear rocket propulsion. T. F. Nagey. Aircraft and 
Missiles Manufacturing, 1 (10), 50-2 (Oct., 1958). Introduction 
to working fluid, electric arc and ionic propulsion. 


one “yom the dominant theme of the [Xth Astronautical 

Amsterdam. G. Partel. Alata, 14 (160), 51-3 
On 1958). (in Italian.) Review of Congress papers on 
unconventional propulsion systems. 
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(1261) Nuclear rockets may operate by 1970. M. Yaffee. 
Aviation Wk., 70 (18), 83, 85, 87, 89, 92 (4 May, 1959). Review 
of problems of nuclear rockets, their advantages and the space 
exploration projects in which they may be used. 


(1262) A guide to rocketry: 7. Nuclear power for rockets. L. R. 
Shepherd. New Scientist, 3 (66), 29-31 (20 Feb., 1958). Nuclear 
propulsion will probably be necessary for interplanetary journeys, 
there are great obstacles in the way of early success. 


.5 lon Rockets 

[See also abstracts nos. 1258 and 1259] 
(1263) Recent developments and designs of the ion rocket engine. 
R. H. Boden. 10th Internat. Astronaut. Congr., 41 pp. (1959). 
Recent developments of ion rocket engines under U.S.A.F. 
Office of Scientific Research sponsorship have proceeded rapidly. 
Fundamental design parameters for such engines are tabulated. 
The cross-sectional area is estimated by considering a flat-plate 
electrode configuration and the modifications imposed on this 
idealized situation by the presence of an aperture through which 
ions are emitted. The analytical relationships between the various 
parameters are presented graphically; an experimental programme 
to verify these relationships is in progress at the Rocketdyne 
Division of North American Aviation Inc. It is based on the 
use of an electrostatic ion thrust chamber with caesium metal as 
the propellent. The results indicate that a flyable prototype 
engine could be produced within a few years. 
(1264) Ion rocket efficiency studies. G. Kuskevics. 10th 
Internat. Astronaut. Congr., 30 pp. (1959). Energy loss analysis 
for a general ion rocket engine using a surface ionization ion 
source. The surface ionization efficiency is calculated for all 
alkali metals on W and for Cs on various base metals assuming 
no adsorption. The adsorption of Cs on W is analysed by work 
function curves. For design optimization, the total loss asso- 
ciated with emission and acceleration must be minimized. A 
bibliography on surface ionization is included. (250 refs.) 
(1265) Nuclear power in aviation. A. D. Baxter and G. E. 
Preece. Aeroplane, 94, 171-3 (7 Feb., 1958). Survey of possible 
applications of nuclear power to air-breathing and ion-rocket 
propulsion. 


(1266) The ion rocket engine can produce usable thrust. R. H. 
Boden. Soc. Automot. Engrs. J., 66 (4), 67-8 (April, 1958). 
a the results of an investigation of ion rockets by Rocketdyne 
or U.S.A.F. 


(1267) Caesium fuel may reach test stage within two years. 
Amer. Metal Market, 66 (88), 7 (8 May, 1959). Test flights of 
ion rockets are expected in 1961 and a “caesium rush” by 
prospectors is reported. Based partly on paper by R. N. Edwards 
and H. Brown at Cambridge, Mass., meeting of A.R.S. 


.6 Miscellaneous 
[See also abstracts nos. 910, 914, 915, 1196, 1258 and 1259] 


(1268) Problems of magnetic propulsion of plasma. R. W. 
Waniek. 10th Internat. Astronaut. Congr., 6 pp. (1959). Reviews 
theoretical problems and presents some experimental results 
obtained during the course of a study aimed at accelerating 
ionized gases by means of strong transient magnetic fields. This 
method might compete with pure ion propulsion in almost the 
same region of specific impulse and thrust. 


(1269) Direction of intense photon beams by electron gas mirrors. 
E. Sanger. 10th Internat. Astronaut. Congr., 22 pp. (1959). 
(Jn German.) The radiation intensities of 10° cal. cm.~*sec.-! 
required for photon propulsive jets or weapon beams could be 
obtained from black radiation of heavy plasmas at 150,000° K. 
The radiation could be focussed only by reflectors with electron 
densities of 10°? cm.-* accomplishable by heavy compression 
shocks of the plasma itself, or better of pure electron gas. 


(1270) On two types of electric propulsion units. J. Ulam. 107h 
Internat. Astronaut. Congr., 18 pp. (1959). (in French.) Two 
new types of engine are proposed: an electrothermic plasma 
motor (in which vapour produced in an electric arc by vaporiza- 
tion of the electrode material or a liquid supplied to the electrode 
spot is converted into a high-velocity jet) and an electric explosion 
motor (in which a conducting liquid between two electrodes is 
vaporized by a high current impulse). 


(1271) The hunt is on for new sources of propulsion energy. 
H. Harvey. Soc. Automot. Engrs. J., 65 (9), 17-20 (Aug., 1957). 





8—MISSILES 


-1 General 
[See also abstracts nos. 1435, 1442 and 1444] 


(1272) The state of the art. E. Bergaust. Jnteravia, 11 (6), 
413-22, 427-9 (June, 1956). The missiles of U.S.A. 

(1273) I write from “Rocket City.” J. Lear. New Scientist, 
1 (12), 21-2 (7 Feb., 1957). Description of surroundings of the 
New Mexico rocket and other test ranges. 

(1274) The teething troubles of guided missiles. E. C. Shepherd. 
New Scientist, 1 (16), 14-6 (5 March, 1957). 

(1275) How a guided weapon system works. E. L. Beverley. 
New Scientist, 1 (26), 9-11 (16 May, 1957). 

(1276) Hydraulic systems packaged for missiles. A. L. Stone 
and J. W. Woodward. Soc. Automot. Engrs. J., 65 (11), 92 
(Oct., 1957). 

(1277) Inelastic design steps up performance. G. H. Sprague 
and P. C. Huang. Soc. Automot. Engrs. J., 66 (1), 46-9 (Jan., 
1958). Structural efficiency can be improved in thermally 
stressed parts of aircraft or missiles by allowing limited deforma- 
tion of the structure. 

(1278) Factors affecting selection of missile auxiliary power. 
P. C. Ricks. Soc. Automot. Engrs. J., 66 (1), 38-40 (Jan., 1958). 
Lists factors affecting choice of a suitable system, indicates a 
trend towards propellent gas turbines. 

(1279) Aeroplane guided weapons data sheets. D. Howe. 
Aeroplane, 94, 19-22 (3 Jan., 1958). Data on Falcon, Sparrow, 
Bullpup, Petrel, Oerlikon, Terrier, Lacrosse, Bomarc, Matador, 
G.P.V. and Veronique missiles. 

(1280) Aeroplane guided wea data sheets. D. Howe. 
Aeroplane, 94, 211-3 (14 Feb., 1958). Data on Type 888 (Vickers), 
Matra, Aerobee, Jupiter-C Explorer, Skylark, Vanguard, 
M103 and Honest John. 


(1281) Design testability into weapon systems! J. M.Pomykata. 
Soc. Automot. Engrs. J., 66 (3), 48-50 (March, 1958). 

(1282) Getting missiles off the ground. D. T. Sigley. Soc. 
Automot. Engrs. J., 66 (3), 59 (March, 1958). Describes a missile 
handling vehicle. 

(1283) Aeroplane guided weapons data sheets. Aeroplane, 94, 
359-60 (14 March, 1958). Data on Nike Ajax, Talos, Type 891 
(Vickers), Dart and S.N.C.A.N. 5200 (S.S. 10). 

(1284) Australia’s weapons research range. Aeroplane, 94, 
361-3 (14 March, 1958). Report of descriptive paper by R. W 
Boswell. 

(1285) Computers “fire” rockets in tests. P. Fossen. Missiles 
and Rockets, 3 (4), 150 (April, 1958). 

(1286) A directory of missile companies. Aeroplane, 94, 594-7 
(25 April, 1958). List of firms working on missiles throughout 


the world (not Russia). 
(1287) A summary of guided weapons. Aeroplane, 94, 591-3 


(25 April, 1958). Tabular presentation of guided weapon data. 


(1288) The World’s guided weapons. “Kentigern.”” Aeroplane, 
94, 576-83 (25 April, 1958). A survey of the weapons currently 
in production or under development in U.K., France, Switzerland, 
Italy, Japan, Russia and the U.S. 


(1289) Most missile money goes to subsystems. 
Rockets, 3 (6), 74-5 (May, 1958). 


(1290) Missile flight tests. D. N. Yates. Soc. Automot. Engrs. 
J., 66 (5), 34-5 (May, 1958). Applications of trajectory cameras, 
radar and telemetry to missile development. 


(1291) Ballistics international. Aeroplane, 94, 630 (2 May, 
1958). List, with some extracts, of papers read at A.G.A.R.D. 
meeting at Freiburg. 


Missiles and 
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(1292) Guided missile testing at Woomera. R. G. Keats and 
J. A. Ovenstone. New Scientist, 3 (77), 15-7 (8 May, 1958). 
Methods used to record and process trials data. 

(1293) Aeroplane guided weapons data sheets. Aeroplane, 94, 
723-4 (23 May, 1958). Data on Mace, Regulus, Parca, Thor, 
Sparrow. 

(1294) Guided weapons and aeronautics. R. Cockburn. J. Roy. 
Aero. Soc., 62, 562-70 (Aug., 1958). General survey of types of 
missiles and their uses. 

(1295) Full-scale experimentation with guided weapons. A. R. 
Weyl. Aeronautics, 39 (1), 164, 166, 169-70, 173-4, 177 (Sept., 
1958). Rocket-sled tracks, use of rockets for geophysical research, 
telemetry and tracking methods. Data on I.G.Y. programme, 
high-altitude and high-speed aircraft and research missiles. 
(3 refs.) 

(1296) Cape Canaveral’s 6000-mile shooting gallery. A. C. 
Fisher, Jnr., L. Marden and T. Nebbia. Nat. Geogr. Mag., 
116 (4), 421-71 (Oct., 1959). Illustrated account of rocket 
range from Cape Canaveral to Ascension Isle. Colour photo- 
graphs of rocket launchings, underwater nose-cone recovery, etc. 
(1297) Effect of operating frequency on missile alternators. 
R. E. Turkington. Elect. Engng., N.Y., 78 (8), 805 (Aug., 1959). 
(1298) Effect of operating frequency on the weight and other 
characteristics of missile alternators and transformers. R. E. 
Turkington. Amer. Inst. Elect. Engrs. Appl. Ind., 77 (2), 289-300 
(Nov., 1958). 


.2 Short-Range 
(1299) Not quite so secret. Interavia, 11 (6), 430-1 (June, 1956). 
British missiles. 
(1300) News of British rockets. Aeroplane, 91, 36 (13 July, 
1956). 
(1301) Méissilery on show. Aeroplane, 91, 413-4 (7 Sept., 1956). 
A report on exhibits at the S.B.A.C. Show 
(1302) Defence against the 1.C.B.M. I. J. Billington, A. L. Cole 
and B.S. Lamb. Aeroplane, 91, 629-32 (26 Oct., 1956) and 662-5 
(2 Nov., 1956). 
(1303) The Nord SS-10 anti-tank missile. Flight, 73, 169-71 
(7 Feb., 1958). Description of the missile and its launchers. 
(1304) Vickers 891: a guided weapon for the foot-soldier. Flight, 
73, 306 (7 March, 1958). 
(1305) Fighter loads. Flight, 73, 848-9 (20 June, 1958). 
Pictures of guided weapon and rocket installations on British, 
American and French aircraft. 
(1306) Some thoughts upon the fabric of missiles. J. H. Stevens. 
Aeronautics, 39 (1), 58-63 (Sept., 1958). Constructional methods 
used in small missiles, largely air-to-air types. 
(1307) Italian army tests anti-vehicle missiles. A/ata, 14 (160), 
58-60, 62 (Oct., 1958). (in Italian.) Details of, and tests on, 
the Nord Aviation SS-10 and SS-11. 
(1308) Missiles at Farnborough. G. Cattaneo. Alata, 14 (160), 
61-4 (Oct., 1958). (in Italian.) 
(1309) The possibilities of Bloodhound. Bristol Quaterly, (1), 
3-6 (Winter, 1958-59). 
(1310) Develop missile loader for Navy: Will have industrial 
applications in future. Prod. Engng., 30 (22), 22 (1 June, 1959). 
Machine for semi-automatic loading of missiles on to carrier- 
based aircraft made by American Research & Manufacturing 
Corp. and called ARM-Corp Automotive Manipulator. 
(1311) Supersonic air-to-air defense feature of Sparrow III 
guided missile. Elect. Engng., N.Y., 78 (6), 712-13 (June, 1959). 


3 Ballistic 

[See also abstracts nos. 1022, 1024 and 1333] 
‘ ny Atlas testing. Missiles and Rockets, 3 (6), 90-1 (May, 
(1313) High-performance ballistic rockets and test vehicles. 
Sci. News, (48), 138-41 (May, 1958). pate data. 
(1314) Outside-in gimbaling used in R. G. Brown. 
Missiles and Rockets, 3 (6), 113, 115-6, ity} (May, 1958). 
(1315) High-perf rockets. K. W. Gatland. Sci. News, 


lormance 
(48), 62-80 (May, 1958). 
(1316) The intercontinental ballistic missile will change tactics 


but not strategy. Interavia, 11 (6), 408-12 (June, 1956). 


(1317) The skip rocket. T. R. F. Nonweiler. Aeronautics, 
38 (5), 41-3 (July, 1958). Comparison with glide rockets. 


(1318) Satellites as weapons. /nteravia, Nea 967 ( Dec., 1956). 


or The surface-to-surface missile, and yesterday. 
. I. Ordway. Interavia, 11 (12), 974— ” ee. 1956). 

p's Atlas. Flight, 73, 42-43 (10 Jan., 1958). Pictures of 

test facilities and launching site. 


(1321) L.C.B.M. in detail. Flight, 73, 141 (31 Jan., 1958). An- 
notated diagram of external appearance of Atlas. 


(1322) Link proposes I.C.B.M. training program. G. L. 
Christian. Aviation Wk., 68 (5), 80-4, 87 (3 Feb., 1958). A 
training simulator for launching teams. 

(1323) Missiles to scale. D. I. Punnett. Flight, 73, 418-9 
(28 March, 1958). External views of Jupiter-C, Vanguard, 
Atlas, Thor, Jupiter, Redstone, Sergeant, Corporal and A4 
drawn to scale. 


(1324) Redstone. Flight, 73, 705-8 (23 May, 1958). Descrip- 
tion with cut-away drawing of the missile and its launcher. 


(1325) 5 consecutive Atlas failures: and the answer. Prod. 
Engng., 30 (35), 20 (31 Aug., 1959). Brief report of investigation 
of launching failures of Atlas ““C” and “D” series, attributed 
to malfunction of a flow valve in the staging process. 


(1326) Rocket postal service: Part II. Intercontinental con- 
nection. G. Partel and A. Angeloni. 10h Internat. Astronaut. 
Congr., 7 pp. (1959). Velocities and flight times for a rocket 
glider covering a distance of about 6500 km. (e.g., Paris-New 
York) are analyzed, and a mass breakdown is given for a three- 
stage rocket vehicle capable of carrying 100 kg. mail for this 
distance in about 40 min. Flight frequencies of 1 vehicle/hr. 
are envisaged and the economics of the project are discussed. 


.4 Upper Atmosphere Research 


Gre) Solid propellant rockets for high altitude sounding and 
ir economics. W. T. Fisher. Commonw. Spaceflight Symp., 
ry pp. (1959). Effect of rocket and launcher design parameters 
on the maximum height obtainable in vertical flight. Com- 
parison of costs for single- and two-stage rockets. If efficiencies 
of around 100,000 ft./Ib. payload/Ib. propellent can be realized 
in practice, small solid propellent rockets should prove economical 
for routine meteorological use. 
(1328) Photoelectric angular error sensors. R. A. Nidey and 
D. S. Stacey. Rev. Sci. Instrum., 27 (4), 216-8 (April, 1956). 
Photo detectors arranged to allow measurement of errors as 
small as 1 minute of arc in 360°, as applied in Aerobee firings. 
Phototransistors are used in compact and rugged cartridge 
assemblies 


(1329) New rocket site near Hudson Bay. New Scientist, 1 (3), 
42-3 (6 Dec., 1956). Pictures of I.G.Y. launching site at Fort 
Churchill 

(1330) Introducing the ‘“rockoon.” FE. C. Shepherd. New 
Scientist, 2 (36), 28-9 (24 July, 1957). Australian project 
described. 

(1331) The rocket-borne laboratory. R. L. F. Boyd. Sci. News, 
(48), 95-113 (May, 1958). 


.5 Trajectories 
(1332) On the optimum trajectory of a rocket. R. R. Newton. 
J. Franklin Inst., 266, 155-87 (Sept., 1958). It is shown that an 
optimum trajectory may be found if no more than four (in a two- 
dimensional theory) auxiliary conditions are specified 
trajectories to give maximum range and to put a satellite in 
orbit most efficiently are calculated, in vacuo and including the 
effects of atmosphere. (9 refs.) 
(1333) Oblateness correction to impact points of ballistic rockets. 
- -" ares J. Franklin Inst., 266, 465-81 (Dec., 1958). 
(2 refs. 


.6 Guidance and Control 
(1334) The role of the stable platform in inertia navigation. 
C. J. Breitwieser. Interavia, 11 (6), 447-50 (June, 1956). 
(1335) Guidance systems for anti-aircraft rockets. A. Gerber. 
Interavia, 11 (6), 432-5 (June, 1956). 
(1336) A guide to rocketry: 4. Methods of guidance. J. Hum- 
phries. New Scientist, 3 (62), 27-8 (23 Jan., 1958). A review 
of existing methods of guidance. 
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(1337) Space navigation. P. R. Wyke. Commonw. Spaceflight 
Symp., 13D pp. (1959). Present methods of space navigation have 
inherent limitations. The only practical solution is that of 
observation of planetary bodies, the Sun and the fixed stars; 
inertial guidance is also required for the initial navigation phase, 
and part of the inertial system can be used to provide a stable 
reference for the mid-course system. 

(1338) The new look in gimbal systems. F.K. Mueller. Missiles 
and Rockets, 3 (3), 199-200 (March, 1958). Method of gimbaling 
on a central core. 

(1339) Details of Jupiter-C guidance system revealed. R. M. 
Nolan. Missiles and Rockets, 3 (3), 183-4 (March, 1958). Use 
of air-bearing gyroscopes derived from V.2. 

(1340) Guidance and control of guided weapons. D. Howe. 
Aeroplane, 94, 585-90 (25 April, 1958). A review of different 
systems of guidance and navigation for missiles, and of aero- 
dynamic configurations and their effect on control. 

(1341) Titan guidance program is accelerated. R. M. Nolan. 
Missiles and Rockets, 3 (6), 223-5 (May, 1958). 


(1342) Inertia navigation systems. E. W. Anderson. J. /nst. 
Navig., 11, 231-58 (July, 1958). Descriptive introduction dealing 
with methods and components. (4 refs.) 


(1343) Inertial navigation. C. F. O'Donnell. J. Franklin Inst., 


266. Pt. I, 257-77 (Oct., 1958). Pt. Il, 373-402 (Nov., 1958). 
(24 refs.) 
(1344) (3) Transducers for G.W. 


Controlling guided missiles. 
research. A. Perry. Control, 2 (11), 89-95 (May, 1959). 
Types of transducer, instrumentation for guided missile flight 
trials, use of transducers for measuring displacement, acceleration, 
vibration, sound, pressure, temperature, flow, attitude and 
angular velocity. For parts (1) and (2) see A.A., 17, 668, 669; 
see also next abstract. 


(1345) Controlling guided missiles. (4) Semi-active homing. 
J. L. Sendles. Control, 2 (12), 71-75 (June, 1959). Mathematics 
for a typical semi-active homing missile employing a propor- 
tional navigation system. See also preceding abstract. 


9—RADIO AND ELECTRONICS; COMMUNICATIONS 


Use of scale model techniques in the design of V.H.F. 
and U.H.F. aerials. F. J. H. Charman, J. Thraves and E. F. 
Walker. Electronic Engng., 30 (366), 498-501 (Aug., 1958). 
Theory and practical methods of measuring radiation patterns 
of complex aerial systems by scale modelling. Examples include 
aerial systems for “Skylark” upper atmosphere research rocket. 
(1347) Military electronic developments and their applications. 
D. A. Quarles. Elect. Engng., N.Y., 76 (5), 435-448 (May, 1958). 
Review of progress over last 25 years; brief section on missiles. 
(1348) Venus two-way contact makes radar echo-return history. 
Elect. Engng., N.Y., 78 (6), 715-17 (June, 1959). Contact was 
made by the M.I.T. Lincoln Laboratory’s research radar on 
Millstone Hill, Westford, Mass., using a low-noise solid-state 
maser pre-amplifier. Calculation of exact Earth-Venus distances 
have yet to be made, but preliminary calculations indicate that 
jp astronomical unit may be 0-0013% smaller than the accepted 
value. 

(1349) Tracking objects within the solar system using only 
Doppler measurements. R.R. Newton. 10th Internat. Astronaut. 
Congr., 10 pp. (1959). Assuming that an artificial planetoid 
emits radiation of reasonably stable frequency which can be 
received by a tracking station on Earth, author shows that using 
no information except the time dependence of the Doppler shift 
it is possible to completely determine the orbital elements with 
a precision of about five significant figures during one-half-day’s 
tracking from one station. The realistic effective range for 
Doppler tracking is thought to be at least 50,000,000 km 

(1350) Accuracy limits in electronic tracking of space vehicles. 
P. F. von Handel and F. Hoehndorf. 10th Internat. Astronaut. 
Congr., 8 pp. (1959). The accuracy of advanced electronic 
tracking of objects moving in ihe atmosphere is limited by propa- 
gation anomalies, but this situation does not prevail in tracking 


(1346 


‘vehicles moving beyond the atmosphere. The paper shows that 
individual and unpredictable refractive index profiles have only 
minute effects on range and angular errors as long as the index 
is known at both ends of the profile, i.e., at the measuring site 
and at the target. Hence in space tracking the system’s inherent 
precision can be fully utilized. 


(1351) High gain aerials. G. Gallede. 10th Internat. Astronaut. 
Congr., 13 pp. (1959). (In French.) Very long distance spatial 
communications will necessitate the use of high gain aerials, 
and these can only be used at the terrestrial end. The theory of 
these aerials is developed; a gain of about 65 dB. is considered 
the limit for microwaves. 

o— The Jodrell Bank radio telescope as a space communicator. 
J. H. Thomson. Commonw. Spaceflight Symp., 9 pp. (1959). 
The principles of construction and operation of the radio telescope 
are indicated, particular attention being paid to signal-to-noise 
ratios in space communication. Examples of the use of the 
telescope for this purpose are given, including the tracking of the 
lunar probes, Pioneers I and | 

(1353) Space Power. W.W.T.Crane. 10th Internat. Astronaut. 
Congr., 15 pp. (1959). Radioisotopes have advantages as sources 
of power for auxiliary systems in spaceflight. Only four isotopes 
have merit as heat sources: Cm-242 and Po-210 in the short-life, 
high-power category; Pu238 as a long-lived source, and Cm-244 
as an intermediate type. In the SNAP-III source, Po-210 is 
sealed in stainless steel and Mo cylinders which totally contain 
the radiation; the heat generated is converted into electricity 
by twenty-seven couples of doped lead telluride. Efficiency is 
only 5-5%, but an improvement is expected in more advanced 
systems; it should be possible to obtain 8 W./Ib. 





12—SPACE LAW; 


(1354) The legal aspect of space-flight problems. D. Janicijevié. 
Politik Internat., 6 (149), 16-17 (1955 5). (In German.) 

(1355) Astronautics and the law. Rev. Gén. Air, 18, 192 (1956). 
(in French.) 

(1356) On the need for an agreement on the sovereignty of extra- 
atmospheric space. Rev. Gén. Air, 19, 159 (1956). (Jn French.) 


(1357) Air sovereignty and spaceflight. K.H. Béhme. Z. 
Luftrecht, 5, 184-97 (1956). (Jn German.) 

(1358) Space law and metalaw—a synoptic view. A. G. Haley. 
Proc. VII Internat. Astronaut. Congr., 435-50 (1956). 


(1359) Space lawyer. A. P. Blaustein. Case and Comment, 
61, 16-20 (March-April, 1956). 

(1360) Outer space rights puzzle world: America’s plans for 
cruising satellite has international experts debating the question: 
“Who owns the air 200—400—600—-~miles up?” P. B. Yeager. 
Nations Business, 44, 40—1 (April, 1956). 


(1361) The lawyers discover outer space, too. W. W. Parrish. 
Amer. Aviation, 7, 7 (7 May, 1956). 


SOCIOLOGY 


(1362) Rights in outer space—need foreseen for world pact. 
Times, 7 (29 June, 1956). 

(1363) Legal problems beyond the airspace. Para. 20, Inter- 
national Civil Aviation Organization, Rep. and Minutes of the 
Legal Commission, Doc. 7712, A 10-LE/S, 10th Session of the 
Assembly, Caracas, June-July, 1956. 

(1364) Space law bibliography. J. C. Hogan. 
Comm., 23, 317-25 (Summer, 1956). 

(1365) Who owns the unknown? Economist, 180, 727 (1 Sept., 
1956). 
(1366) 
adequacies. Times, 9 (9 Sept., 


J. Air Law 


Laws for space travellers—a reminder of present in- 
1956). 


(1367) What flags for space? Manchester Guardian Weekly, 9 
(20 Sept., 1956). 

(1368) Satellites and sovereignty. D. M. Draper. JAG J., 
23-4 (Sept.-Oct., 1956). 

(1369) God in outer space. America, 96, 86-7 (Oct., 1956). 


space law. W. R. Sheeley. Alabama 
1956). 


(1370) Remarks on 
Lawyer, 17, 370-5 (Oct., 
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(1371) Space law—basic concepts. A. G. Haley. Tenn. Law 
Rev., 24, 643-57 (Fall, 1956). Also in Law Rev. Dig., 7, 71-82 
(March- -April, 1957). 

(1372) The legal status of the airspace in the light of progress 
in aviation and astronautics. E. Pépin. McGill Law J., 3, 70-7 
(Autumn, 1956). 

(1373) Outer space sovereignty 
Comm., 23, 81 (Winter, 1956). 
(1374) Man and law in space. J. C. Hogan. Barrister, 7, 3-7 
(Jan., 1957). Also in New w Zealand Law J., 33, 348 (Nov., 1957) 


ity agreement needed. J. Air Law 


and Case and Comment, 61, 12-20 (Nov.-Dec., 1956). [See also 
abs. no. 71, J.B.1.S., 16, 123 (April-June, 1957).] 
(1375) Artificial satellites: a modest M. S. McDougal. 


proposal. 
Amer. J. Internat. Law, 51, 74-7 (Jan., 1957). 
(1376) The international situation and legal involvements with 
respect to long-range missiles and Earth-circling objects. A. G. 
Haley. Pergamon Press, London (Feb., 1957). [See also abs. 
no. 538, J.B.I.S., 17, 76 (March-April, 1959).] 
(1377) Let’s claim the Moon now! P. J. Huss. Mechanix 
Illustrated, 70-2, 160 (Feb., 1957). 
(1378) Recent developments in space law and metalaw. A. G. 
Haley. Harvard Law Record, 24 (2), special supplement, 4 
(7 Feb., 1957). 
(1379) The legal status of outer space and the Soviet Union. 
H. G. Neumann. Air Intell. Inf. Rept. LR-1184-57 (18 Feb., 1957). 


(1380) Projecting the law of the sea into the law of space. C. 
Ward. JAG J., 3-8 (March, 1957). 
(1381) The present day developments in space law and the 
of metalaw. A. G. Haley. Canad. Oil J., 8,15 (March, 
April and May, 1957). 
(1382) Legal terminology for the upper regions of the atmosphere 
and for the space beyond the atmosphere. J. C. Hogan. Amer. 
J. Internat. Law, 51, 362-75 (April, 1957). 
(1383) Spaceflight—some political aspects. E. Sanger. Aussen 
Politik Z. Internat. Fragen, 8, 370-86 (June, 1957). (in German.) 
(1384) International law and high altitude flight: balloons, rockets 
and man-made satellites. B. Cheng. /nternat. Comp. Law Quart. 
6, 487-505 (July, 1957). 
(1385) Space law and metalaw defined. A. G. Haley. J. Air 
Law Comm., 24, 286-303 (Summer, 1957). Also in Rev. Gén. Air, 
20, 169-84 (1957) (in French); Courrier Interplanetaire (Feb., 
March and April, 1957) (In French); Z. Luftrecht, 6, 59-74 (1957) 
(In German.) [See also abs. no. 540, J.B.1.S., 17, 76 (March- 
April, 1959).] 
(1386) The control of objects entering outer space. Disarmaments 
Commission, United Nations, Fifth Report of the Sub-Committee 
of the Disarmament Commission, DC/113, Sept. 11, 1957. Annexe 
5, DC/SC 1/66, Aug. 29, 1957, par VI, p. 6 
(1387) The control of outer space. L.Cermelj. Nasi Razgledi, 
6, 396-7 (Sept., 1957). (din Serbo-Croat.) 
(1388) Decatur’s “‘doctrine’’—a code for outer space? P. B. 
Yeager and J. R. Stark. U.S. Nav. Inst. Proc., 83, 931-7 (Sept., 
1957). 


(1389) Trespass in vacuo. A. B. Law J., 107, 627-9 (4 Oct., 
1957). 


(1390) Aspects of the law of space. M. Aaronson. Law Times, 
224, 219-21 (25 Oct., 1957). 

(1391) Diplomacy in artificial satellite age. Keishiro Irie. 
Shukan Asahi, Special issue, 4 pp. (28 Oct., 1957). (in Japanese.) 
(1392) Who owns outer space? F. Ikeda. Bungei Shunji, 
Extra issue, 4 (Nov., 1957). (dn Japanese.) 

(1393) Into deep space. F. Simpson. Los Angeles Bar Bull., 
32, 355-68 (Oct., 1957). Also in Los Angeles Daily Journal 
(1 and 4 Nov., 1957). 

(1394) The Russian satellite—legal and political problems. 
J.C. Cooper. J. Air Law Comm., 24, 379-83 (Autumn, 1957). 
(1395) Legal problems created by the Sputnik. E. Pépin. 
McGill Law J., 4, 66-71 (Autumn, 1957). 

(1396) Law in space? W. Heinrich. Politische Studien (Nov., 
1957). (in German.) 

(1397) The law and space. J.C. Hogan. New Zealand Law J., 
33, 348 (Nov., 1957). 


(1398) Moon—usque ad coelum? S. B. Potter. Boston Bar J., 
1 (10), 28-9 (Nov., 1957). 

(1399) The artificial satellite and international law. G. Zadoro- 
zhnyi. Sovetskaya Rossiya (17 Oct., 1957). (in Russian.) Also 
in English, Rand. Corp. T-78 (12 Nov., 1957). 

(1400) Dr. Mead and the red moons. J. Lear. New Scientist, 
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BOOK 


Atlas of the Sky. By Vincent de Callatay. (Translated and 
with a preface, by Sir Harold Spencer Jones from Atlas du Ciel, 
published by Les Editions De Visscher, Brussels, 1955). 
124 x 9in. Pp. 157, with 36 plates, 45 maps, and 12 photo- 
graphs. 1958. London: Macmillan and Co. Ltd. (65s.) 


Anyone who wishes to bring out a new popular star atlas needs 
to consider how he may successfully compete with the formidable 
excellence of Norton’s Star Atlas, which is produced at little more 
than a quarter of the cost of the book presently under review. 
The scope of such competition is restricted to a work of entirely 
different form from Norton, and Atlas of the Sky is such a work. 

This atlas consists primarily of a series of plates which show 
stars down to the fifth magnitude as light dots on a dark ground. 
The stars are not identified upon the plates themselves, but upon 
complementary charts, which are, unfortunately, not always 
opposite the plates to which they refer. Objects of interest are 
briefly described in the text, which also contains short discourses 
on the various types of celestial objects and on other matters of 
astronomical moment as they arise. There are a few good Mount 
Wilson/Palomar photographs at the back of the book; good 
quality paper is used throughout, as indeed it ought to be at a 
price of fivepence a page. 

de Callatay states that he is anxious for the plates to appear 
similar to the real sky, unencumbered with identifications of 
objects, R.A. and declination lines, etc.; he has, however, per- 
mitted himself to connect the principal stars in each constellation 
by faint lines, but in a manner quite different from the conven- 
» tional constellation figures. 


REVIEW 


The plates are reproduced in half-tone, presumably to permit 
simulation of the Milky Way. It is most regrettable that the 
theoretical advantage of this method has been entirely lost by the 
very poor rendering which is in fact given to the Milky Way: 
despite the opportunity to portray it as it really appears to the 
eye, its appearance on the plates is at best crudely diagrammatic 
and at worst entirely non-existent—it is most disappointing to 
find no Milky Way at all on the plates of Crux, Cenaurus and 
Scorpio. In addition, the stars are shown as grey, rather than 
white, dots and the small range in size prevents the bright stars 
standing out as they should. Indeed, in the first nine, small- 
scale, plates there is no gradation of size at all, the stars of Orion 
and Delphinus (for example) being represented as equals. Even 
one who is very familiar with the constellations, therefore, may 
be forgiven for finding difficulty in recognizing their counterparts 
in this atlas. 

The reviewer noticed quite a number of more or less serious 
errors in the text: for instance, the values quoted for Hubble’s 
constant are wildly wrong, the separation of Mizar and Alcor 
does not by any means require “‘very keen eyesight,”’ and since 
Vela is plural its genitive is not Velae but, of course, Velorum. 

It is impossible to recommend this atlas. It is very expensive; 
the difficulty of recognizing constellations and identifying stars 
(which is, after all, the purpose of a star atlas) makes it unsuitable 
for layman and enthusiast alike; while even the opportunity to 
make it, if nothing else, a worthwhile work of art has been 


needlessly thrown away. 
ROGER GRIFFIN. 
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